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fREEACE 


Ti^E |)r^vioue idit^n of 'i'echnical Methods *'of Chemical Analysis was 

• baficd o*n the v^Qx\^Chemiscli-technisch»JJntersiichu7tgsmethodeny originally 
edited.by DrJF. Bockmanii and .'i.^^f)se^uently revised in several editions 
Ijy Professor Lunge. ^ 

Th® English translation was edited ki coii^unction with Professor 
ftun^e, ana #was* adapted to^ English conditions of manufacture by 
col^boraflon with specialists ruHy familiar with the methods of work 
^n use in •fchis^coun^.^# Al^hojigh this adaptation was made as com- 
plete a^* possible, i(^ \^4as necessarily somewhat hampered by the 
character and subject-matfeN(i^^’the Ggrmjfn text, and it has accordingly 
be(jn^Lnsidergd tV(^erable ^^iVMke^his new edition more independent, 
and each of tl^e contributors entirely responsible for his section. 

Fr^m this consi|ierS-i»» njai^ of the se(;tions have been largely 
re'^riften,"® several* n^w s(A>tions hav^ bden added, aTid the whole of 
^the subject-mattei^jfts been thoroughly revised *^nd brought up to 
(late, arrangement of|the contents of each volume has ^Iso 

been modified so as«to group the sections dealing with correlated 
yidustri^ mcre^ advantageously than in the previous edition. 

# This plan»\^s fully ^approved by Professor Lunge, although at the 
tigie; thff preparation of this jitiw edition was begun, he was unable to 
j)art i<i^te in ^ny .way in ^he editorship. It is a matter of sincere 

rtiat he 4ias no^ Uve^ to«see the* comple^n of the work to 
’which hei made ^*i(ch invf^ortifnUtcontributions by his outstanding 
se«viCt:s to the advancement /)f Industrial analysis. 

The*v^ork wil^b# publ^ed i^i ^ix separate folumes, and in addition 
► to thei index with cf.ch volume, ft complet^ index for the \^hole will 
be provid^. « The* tckbles of •^•neral applicabiiky are printed for 
^referenj^ at the end f)f ej^clV^olume, and an ^ndex of tables* has 
been add^. 

The^nc?l^ sectibns inchide(i^*in dit^resent vc^mRs are — “Electrolytic 
Methods of Chemical Analysis aiftl “|Physiccfl Methods employed in 
Ch^iyicfdl Analysis.” ^ 

nAs in,the previous edition, all4|je I'yimwical data, with the exception 
of those iAwjjich empiricaf factors ^rg employed in technical work, 
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are calculated /ram. the table of atomic weights for 1921-23, with 
o=i6 as basis, .issued by the International Committee on Atomic 
Weights. The niimerical data for gases and for the weijghts of sub- 
stances to be taken for analysis, so to correspond to definite 
volumes of gases, are a^l calculated from /he real fitre weights accord- 
ing to the most reliable determinations, not from the calculated values. 
All temperatures are given in CJent/grade ^degrees except where 
otherwise stated. , ^ ^ , 

The Editors desire to record their thanks to the Faraday Society, 
the Society of Chemical Industry, and Messis !john Wiley & Sons, 
for permission to reproduce illustration^ from ^theW s pubjicitidns, 
and to Messrs Baird & Tatlock ^London ^The Carfibridge an'^ Paul 
Scientific Instrument Co., Messrs Etoshedjand Vignollps, the Editor 
and Publisher of the Gas Worid^\j[Qssxs A Gallenkamp.& Co.^ 
Messrs Charles Griffin & Go., \VI&.ys J. & J. (^-iffiji & Cp.', Messrs 
Adam Hilgcr & Co., ]\fessrs Longm^is,^ Greon & Co., Messrs Sieb<f, 
Gorman & Co., Messrs W. Sugg & Co», Messrs Jhompson, !?kinne|- & 
Hamilton, and Messrs Alex. Wright ^^Cef, thp loan^of cflustratioi:;, 
blocks. ' , / *f % '/ ' 

/Aharles a. ke.vme. 

L. TlrlORNE. ^ 

London, OcMer 1923. 
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TECHNICAL METHODS OF CHEMICAL 

* ANAf-YSIS 

» 

IN-a'ROlfUfTION 


TeCWnTcaLi methods of* chemical analysis include many general 
analytical jncthods tog^tfier wijth certain practical tests which have 
bee» devised to»meet tke reqijrcnjents of the manufacturing processes 
of chemical fnd^istry. • lattei^ comprise^ number of methods which 

now form a recogmis^d fiart^^ analytical chemistry, but which were 
originallj^ looked u^^n as pure 1 ^^“techrficai" methods. This is particu- 
larly true o/ vftlumotric ana\ysij, wlifch^ fouiKled as early as 1795 and 
1806 by Desc^oiziiles. w|| first^used as a method for controlling and 
the value^ of t^icfinicaf products sifth as arf:ids and alkalis. 
Ga/-Lussac’s rnethijdJ fpr chlorimetry (1^24), alkalimetry (1828), and 
• for the estimation of^ilvfr (i83ff), as well as tfhe perfnanganate method 


of cstimatftfg iron in^oduced by Margueritte (1846), fall in the same 
** category, and were all devised to meet the requirements of technical 
wjrk, and were*at firs4 employed exclusively for this purpose. 

“ VolumetnV’ analysis was, fpr a considetable period, regarded with 
a (ferfain* degree) of contempt *as a “tecj^rwcal” method, the study of 
whi^Voifld only be •disadV^intagcous to ihe attai#iment of scientific 
• iiccuracy. This vic\\icoirtd*h(^vcvcr,^no ♦ongcr be ifpheld after it was 
shownjpy Sunsen, in^Tis paper on -Jolumetrit analysis by rrteans of iodine 
(18^5), that the accuracy «f this* pr«(^ss was greater than that of most 
gravimetfle methoejs, %nd after othe| investigators, especially H. Schwarz 
fi^50) aTid griedjicl^ Mohr (frpm 4855), ha^*established the vSlue and 
reliaf)iiit^ of tliis branch^f ai^l^^is. . 

• On fhe other hajid, many t«c(^iical m^ithods hat’e been developed 
from the njjjre aejeurate and j^rocesses 4Wi:y3loyed "in scientific 

investigation, as in the case of the t^hnical r»cthods of gas analysis 
which a1^ based dn the classical investigations of J 3 unscn 1 (i 857 ). 

Tli^se reciprocal ^evelc^prtents have pla*^ed a wide field of analytical 
processts *a^ the disposal of.thos(^%ngag<^ ii; technical work. Their 
applicability is*rela4ed* to th^ anaIyW(?rfl cpntrol required ; they have 
1 * A* 
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been modified arid .adapted so as to meet these requirements, especia.v 
in relation to raprdity, degree of accuracy and simplicity in manipula- 
tion, in accordance with the character of the operations^ and materials 
concerned. , ^ ^ 

The technical methods of chemical Analysis comprise the following 
classes of work 

■ • I 

I. Examination^ OF Raw* ma,teriaiss 

Accurate methods of analysis are generally employed. In other 
cases, rougher tests may bfe sufficient within limits, <'^^nd in pMifnust 
suffice in default of bet^ter methods; ph;^.4ical, microscopic, or othec 
external methods of examina*tic\n a^^e also often used. 

i It 


2 . Control of V/orking CoNf^iiipN? 


Chemical analysis, with the additi 9 n, iifi many' cases, of physical 
methods specific gravity detftrminatfqns, prqssurfe relations, 

temperature control, etc.), is adopted!f ^he'mi^tl^ods usually employed 
are those which can be carried out with, the ^grei^test possible rapidity; 
they are consequently ofteq la<:king fn^Accfuracy, but suffice* for com- 
parative purposes. ^ 


3. Exa>;ination oi/ 1 *in.\<. Vropucts 

Accurate methods of aimlysis are som'etipios employed*, espedally 
when a guarantee of composition is« required ;• frequently, however, 
easily observable external characteristics and empirical tesfej suffice. • 

t 

In all three classes different methods of ^examiViatioif may fee 
necessary, namely : — • * » * ^ 

(a) Qualitative tests, which are in‘most cases concerneM wkh tthe 
detection of an impurity. , • , * • V 

(^) Quantitative determkiatiorf of k p!-i»cip§.l cemstitue*nt, whidji • 
is the subject»of a guarantei* in buyiTig or*sellingfipr which i? a leading 
factor in the working pf a proccss.X , * » . •• 

(<:) Quantitaflve determination of secoadary db^tituent®, in which 
various*considerations dernand attentipiii namely : — #• • • 

^(a) Secondary constituents of vajue whicFI form* tl!e ibubJec|*of a 
guarantev, such as ^he percentage of car^on,in,stc'el. • • 

(j3) Secondary ^QQnfftituents which are deleterious impurities, and 
which ought^not to cVfeed &*cerftiin ma^imunl, phos- 
phoAis in steel, chlod(dc*s in potas%iurft nitrate. * ' 

(y) Secondary constituents the .Estimation of, which serves i’ctf the 
indirect determinStioq of /the amount of the prhxipal con- 
stituent pfesent, as* in the valuation of Chjli sajtpetre. 
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{d) Quantitative deternfinaftion of several constituents, usually a 
combination of the two classes b and c, ie.y the- estirtiation of the chief 
constituent an^ of one or more important impurities, as the estimation 
of the alumina, iron, a^d free add in the analysis of aluminium sulphate, 
and the determination of the’ iron, sulphur, and phosphorus in the 
examination of iron ores. 

{e) Examination of certain physical properties, c.g., the viscosity 
of lubricating oHs, the, flash-point of petroleum, the specific rotatory 
power of sugars. 

(‘//•Examination of ‘certain Acternal properties demanded by 
the trade/ksuch a!^ cok)ur, luftre, density, strength, etc. 

fe") Complete cRemicai analysis is^only very exceptionally required 
for techaical purposes ; it iftay be ifece^sary in such instances as a new 
discovery of ores and fike. 

Tliese classes 'of anal)^t?cal \\4ork wijl all be considered in the sections 
dealing with the*varioui indusl^ies^ A general knowledge of analytical 
cl^emistry, and more «spi^cfally o^ mineral ^analysis and of elementary 
organic analysis, iS pusnri.'^ed. ^Thc special apparatus and methods of 
work de^ribec^ arc^those req*ifis1tc or «se[ul for the attainment of the 
results*that ar(?rec(Tiircd in fe^hidcifl ‘work, e,j:en in those instances in 
which general tnethods q^analyjsis are employed. The greater part of 
tii^^ Ib^olf, however,, i# natuMly. dfevoted to the methods which have 
beerf specially worked# out for technic'al pfirposcs, and which are but 
• seldom if ever practiced in scieyitific laborat<dries. 

• The mt#khod» and apparatus described in the first part of this 
’volume are those us5d for a variety of purposes, particular stress 
be!ng laiS upoif those 4 :onsiderations that serve to facilitate the work of 
technical labor3ti)ries. Ffom this standpoint descriptions are included 
of t»hc*ap^*aratus and methods •employed ip electro-chemical analysis 
and of*#1;hf physical' ipethods of examination empjoyed in technical 
•v^ork. dTie rnorC sp^cifi# f?ieti1odst)f aiicdysis employed in the various 
industries Jrc dealt vikh in tlie sut)^^quent# portion of th^ volume and 
in the succeeding voluipes. 
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By Charles A. Keane, D.Sc., Phj)., and tKe late Trofessoi (L Lunge 

' ' ' 

I.~TIIE TAKINd.QF SAMPLES* 

'* 

The preparation of an average sample, representative of the 

quality of the material to be investigated, •reoiiirts special care and 
precautions. It is a problem of-fundaihuiftal importance in all branches 
of technical analysis, as lack of caie rhd judgment in sampling neces- 
sarily invalidates subsequent analytical results. 

The preparation of. a really av(i‘rage‘‘}>ampld is most di^cuft dn 
materials occurring in large pieces; it is considerably easier ©with 
more finely grained m^tterials, still easier -with > powdered materials,, 
easiest of all, as a rule, with liquids, and more difficult ^with gases. 
Special difficulties occur when contact with an, whilst the sample is* 
being taken and ground, may alter its condition by evaporation, absovp- 
tion of water, oxidation, etc. In such case.-) very special precautions 
are necessary, which will be fully dealf ivith subsequently. « » 

With materials in lumps, sampling is most difficult? iv^fcn the 
valuable constituent occurs ^only in small ^^aeiouqt afid very^'uneefuaKy 
distributed, as in ores of the tK>ble iiVetals, «: when certain very 
deleterious impurities, also uneq.ually* distributed, are present .•The 
disputes that hJlve arisen from defective; sam|5iir^r have Wed to the ” 
drawing up of definite prules for sajnpling; afso, it has bc^^me Ike 
custom, in all important ‘cases, for /he operations of •tAin^amples, 
grinding them, aixl making them inBo a form read^ /oj; hafndmg to tl^ 
chemist, to* be carried ‘‘out in the presence of representat^cs of both 
parties concerned,*or in the prti^ncc of a rftutuall/appo*ffited rqferee. 
Usually several bottles are Jsimultaneou^y 'filled with the prepared 
average sample, and closed^with thf^ seal Af both parties. • • 

* Literature on Sampjtng.—^. Qlen, /. Chem. Jnd., 1898, 17, 123 ; l!. Orjffin, tbtd.^ 

19051 24* 183 ; 1909, 28, 192 ; W. L, ftiKfSe, Chem. Trade 1920 67, 353. 



THE;fAKING OF SAMPLES 

The following ^irection 5 lay no claim to be a permanent solutio 
of the difficult problem of sampling; they- can only represent a 
approximation which has been found to^be generally satisfactory. 

In many cases, ^^articulal-ly in the industries connected wit 
organic chemistry, but also, e.g., with caustic soda, fuming sulphuri 
acid, metals, alloys, etc.,^ the samples must be talcen according t( 
special methods applicable to each iialividua*! case, owing to the natun 
of the substance^in queetion.* Where.standardised or statutory method 
of analysis have been adopted, as in the case of artificial manures 
feedi^ig# stuffs, tanning *matcrialsf etc., ^accurately defined specia 
methods ftf sam|ilip^ are-; cfhn ployed. The necessary information or 
thcs'e points is given under the indi^id^al sections. 

*• 

l\. TvTaterials in •Large Pieces 
• * 

This class includes ^coal, 4netaHj.irgical ores, pyrites, pyrolusite 
etc.,«which are iisually k-anspoy;tc(| in ships, canal boats, or in railway 
waggons, Ifi case uLw^at<?r-tfanSport, the^check sampling takes place 
as a rule* at the of* ^rri^l^ during the transfer to the railway 
waggons^or wl^ere ^hc facfor^^cj* the f®urydry receives the goods at its 
own. la*nding-ptace,* samples a!|[? ^ak^ii there during the unloading into 
trucks or otheT transpo|;^ v^ess^ls. In other instances the sample is 
fakan^rf arrival of^tlfe trajn* at* tfte works, either bcfoj^e or during the 
unloading* of the majerial.* In all tTiesc*cascs the sampling can be 

* advantageously combined with ^thc weighings Thc^aking of samples 
fiK)m a lar^ heap of coarse material already unloaded is always a 

•’very uncertain proccefure, and should be avoided whenever possible. 
Agart from th^ genial difficulties which unavoidably occur in the 
conditions of sarflpling mentioned above, two«additional difficulties arise 
in fhe*la^ case^ on the one hhnd, chan^e.sin the amount of moisture 
may^ocfur^owing to cv»iporatk)n, .showers otrain, downward percolation 

• at moisture, etc., ^nd ^ecoftcHyXhe l^irg^er pieces are apt to roll forwards, 
and th^s make the n>!»s still less IfofnogeiKious than before. 

Vhc larger and the k^s^unifdVm Jl/b pieces of tjiie material in question 
are, the l«?rgcr mifst’^e th« samples taken. "It is most important to 
^hure a’due j^atio between the ♦aigcj' pieces artd the finer powder, which 
is pra(;f#^all}^alTvays present, sin^ there is often an essential difference 
ki quality betwoei>t(j8 two. , * , • 

If the pfeces do not exceed billiard ball in^i-i^^and aro roughly of 
the samtf dfmensions, it iS sull^ientV^ take a ^mple from each unit- 
load*^ h% means ( 3 f a scoop •of about 5 l^los (12 ]bs.) capacity. If the 

r • 0 * ^ •• 

^ This term ilesignutes the load raised by a crane, carried by a truck, qj any other conveyance, 
by means* wWith the material is trai»sported^ftom*the hold »f the^hip, etc., to the weighing 
machine, or to the laffding-f>lac#. * * * 
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material is in* larger pieces, and especially if not uniform in size, it is 
preferable to empty a whole unit-load at intervals, the tenth or 
twentieth load on the weighing machine, on to a separate place, from 
which the whole ave|:age sample is collected. Jhe greatest possible 
care must be taken, in sampling by this method, to have the ratio 
between coarse and fine material represented^ as accurately as possible 
in. the average sample. ' ^ 

The average sample thus obtained is first crushed' to pieces about 
the size of a walnut, eithfer by hand or by means of a mechanical 
arrangement such as studded rollers, care being takfn to brea^/; down 
the whole of the coarse^ pieces, even tho'igh it 'njay be troublesome 
to do so. The roughly broken Jmj]^terial is then thoroughly inixed by 
repeated scooping backwards and forwards; and is then' spread out in 
a flat heap and a smaller sampJO taken, 'liiis iS| best efiected by 
cutting two stripes crossing each other af right angler out of the 
whole heap, and adding to this four smaller quantities tak/^n from the 
middle of each remaining, ^quadrant. . ' 

An alternative method# is to pla( 5 e the Oiaterial on ci tiled floor, 
spread it out in a circle, and then, .stc^i;ting‘ fr^^m the circumference, 
shovel it towards the centre'uni'iHt is?hJaped up,ir a c#ne. ’fhe cone 
is then broken up, the material agaiii .s'pread out and*^ the operation 
repeated. After three such mixings the eye^Jy spread mass is divided 
into four quadrants, and two opppsiff* quadrants, or one only. Aro tfiken 
aside, mixed and again divided. ' , 

The weight of** the sample thus prepared should be at least 10-12 
kilos (I ewt); if the material is very uneven in^size, considerably mofe 
must be taken and special attention must be paid to the pry'cautiqns 
described above for obtaining a true average sai>^.ple. In such case^ it 
is often necessary to repe^it the above operation by scooping the first 
large sample together in a co.nical heap, spreadingpt out flat again, and 
then cutting two stripes intersecting at right angle.s, and adding** further 
material from the’quadrants as above. * “ . ^ 

Several nrechanical samplers hav^ been const Ateted in order t.o make 
this operation simpler.and more reVinble, such- as the “ rapid sampled” of 
P. Clarkson^ (Fi’g. i). The principle of tlie mpehine is to‘cut out a 
numbei^ of sections of thb material a.s it* passes through *^hc cfpparatus 
in ^n annular rotating stream ; the relative amounts can *bc regulated 
at discretion. This machine can t^e employed* ^oi liquids, powder^, 
and for substance‘s grains or in, largq fragments. It js also very 
suitable for uniformly distributh'ig a .sAmple into bottles. “ 

The reduced sample thu§ -obtained is then furtheV broken' up. A 
mechanical arrangement nf^y also be enfpleyed (x't this stage, but only 
when it is so arranged, that it<can be thoroughly cleaned * after every 

1 T7«.. „ Tyii description, *seo;/. C^em. Ind., 5894, 13, 214. 

' r 
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operation. The inore comfnon practice is to effect .the grinding 
by hand, usually in a large iron mortar. This, however, is not the 
best method, because it is not very easy to remove the powder com- 
pletely from the mortar withoift loss, and the uniformity of the sample 
is thus adversely affected ; also, some of the substance may easily 
remain behind, unnoticed in the mortar and cont^inate the next 
sample. (For arrangements for grinding, cf. p. 12.) 

To overcome* the disadvantages of an ordinary mortar, a flat cast- 
iron plate, specially constructed for the purpose, o-8-i metre square, 
with ^,#vertical rjm 5-10* cm. higl!, inter, 
rupted at%one pdiryt •in o^cjbr to allow of 
the •po\^der being easily run out, mrfy be 
substituted ; these plates ^ould Be ib-25 
mm. thich, and^sojidly Mbedded in*^ hori- 
zontal position to, prevent* breakage. The 
sample, prcjviouSly redLy:cd to ^^iecgs not 
larger than wahiuts, isi further broken up 
otj the plate ^it 4 i a sltd^^-^iamm^r, shaker^ 
from time*to time thre^jgh^ si^vc of 3 mm. 
mesh, anci thc^ resiilual coars? J)Owder* re^ 
peatedTy grpufld u*p.until it* lifts* all passed 0^ 
through the s*!eve. In^is wi^y complete 
cleanliness can ba f)bserve 7 l wfth much 
greater certainty in the u.se of a 

■ mortar. • ^ ^ 1. 

^ • The 10^2 kilos (Tewt.) thus obtained 

is^then spread out flat^ and a further decreased sample of 1-2 kilos 
(2^to 4 lbs.) prepared from it by thorough mixing and removal of 
intersecting stn’pes, etc., in the same way as •before. This is subjected 
to & fUrtBer mi^iing, and the s*eparate s^rr^les for analysis are then 
taken Iro^rft it, prcfergibly a^ follows. Three, fou*, or more wide- 
* mouthed sampIe*bo4lcs ♦icSding ic 5 b- 200 t:.c. are placed close together 
on a .sjieet*of paper*; -a handful of the sample is taken, -and the hand 
mo^ftd over the bottlers 41 succes^’db, so that .y)me of the substance 
hills into ^ach. Thi*^ is nepcated until the*' bottles* are quite filled. 
ifranipuTatioi^by hand is mort^Kcli^able than the use of a smaM scoop, 
etc.;*w^^Ii tfle latter the^ coar.ser**particles afways roll forward, .so that 
te)o larg^ a jbropoftipii is deliv^re^ into tjie foremoSt bottles. 

When t^^ bottles are full, ^ley^are closed iTnwgdiately^with tight- 
fittii^ C(3rks, whicfi are eiJt off ^trai^ 4 * above the necks of the bottles 
and carefully sealed. Wlieif control samples are t^ken, tHb seals of both 
parties* are affixed in such m way .that t\fe cork cannot be removed 
withoujUinji^ing the seals. ^ •• • * ^ * 

The powderfng, fii:;ing, anti filling* t)f the bottle*s should be carried 
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out as quickly as possible, to prevent 'thef evaporation of water from 
moist products; or; conversely, to prevent the absorption of moisture 
(under special circumstances of^ oxygen or of carbon dioxide also) from 
the atmosphere. , ^ 

The analyst, on receiving the sealed bottles, notes the seal, which 
must of course be'intact, and the affixed label^ opens thq bottles, shakes 
out the contents on to glazed paper, and n^ixes the sample quickly. 
If the moisture is to be estimated, a suffl‘cient4y lar^e sample, up to 
100 g., is taken for this purpose without further grinding. The remainder 
is ground up until the whole pas^s througli a siev 4 ^ of i mii;^ ijiesh. 
Porcelain or steel mortars arc used for tHbrgrindi^jg* accordtng to the 
hardness of the substance. T4ie Ibrmer would not be suitable for pyrites, 
for example, because they are attacked to some extent by substances of 
this degree of hardness, and th^i^ample mi%fit«be|Contamifiated ; on 
the other, hand, iron vessels should not be u§ed for i;educing pyrcflusite 
to a fine powder, because some snetayk iron, might thus fnd its* way 
into the sample. • t • * • 

Finally, a few grams o{ the sub^ance v^ich has parsed through 
the I mm. sieve are taken, after a furth.ef^Uiar5)u^i mixing, and reduced 
by means of an agate morter *10 the*d^"rec of ^fuienots requisite for 
analysis; in special casc'^^'i steql mSrtdr may be employed.. 

Since some change in the amount oif moist'’ almost unavoidable 
during the fina^ grinding, the fijjal ^ampte js eiflior dried yi^^lrying 
oven or exsiccator, and then weighed out in\tl;e dry conditioi! for 
analysis, or the m(?isture fs determined«separately*in another sample and 
the results calculated on the dried substance, '^he actual ^rcentage ftf^ 
moisture in the sample is taken from the determination rtj^de wjth 
the coarsely powdered substance as above. ai»d nnt froni this l^st 
determination. ' 

B. Materials in the o^’ liojvDKR^ I^ross, rtc. 

This class includes oreif in the* form of smatN or slimes, Qjmmon 
salt, potassium salts, otc., as well 5^many othei* inorganic and organic 
materials. A simplified Tnethod of^ sampling caj;i usually be*cmployed 
for such products, sam^Hp bein^ tojst^n frojn jcaqji “^it-lbad” by 
m^ans of a scoop of about J kilo (i Hji^) capacity; in a raiftv a 3 ^*iaggon 
load, several saml!)les from ilifferenf {^rts, e.g., 4be*frDnt^ middle, anC 
back, are taken. T** separate sar^ple^^are placed togetJ;icr in a cask 
and covered over. Aiter the saPmplin^ is finished, tlie contciTts of the 
cask are empfied out, on a leyel, cle^n, hard^ surface, spread out;*flat, and 
the mass scooped togethhV into a conft in thtf centre by \fcfrking 
regularly round the he^p wyth fi i^de ; the heap is agaij> 5p»ead out 

fiat and a sample of about ^ qu^i^er of tRe masatalren By removing two 

_ • * 
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intersecting stripes* with th^ scoop, and adding to this some material 
from the middle of each of the remaining quadrants. * This operation is 
repeated with, the sample thus obtained, until finally not more than 
2 kilos (4 lbs.) is left,#;A^hich, after being well mixed, is divided among 
the sample bottles required for analysis, as described. 

For materials which are loaded in loose condition, in ships’ holds, 
railway waggons, or carts, it is better to employ an auger^ especially 
if the samples Wave to be taken frogi stores or from casks, boxes, or 
sacks. In the latter a sample is taken ftom every fifth, tenth, or 
twen^i| 4 h cask 01^ sack, a(*cording ft) the size of the consignment and 
the probal^ility of iye^ualijyfin the material ; it is to be borne in mind, 
hovfever, that, owing to the action of the air (or possibly 
owing to deceitful maniplilation Ij, file condition of the 
OKtside atid simei^ficitl ‘portions of^^ie material may differ 
more* or lese Trogi that \)f the .interior. It i.s, tfierefore, 
always moi^e reliable to, use the - auger. 

The usual f( 3 rm of 4 :his ii'i^tri^ment is shown in Fig. 2. 

U consists a* long bo^^r* of *stcftit sheet-ij^on, with a hollow 
interior and a longitudinal s],^ on one side, provided with 
a handle* a at^the aipper cncf^fld witbthe lower end beaten 
out to a sha/p point/). r • ^ 

The use of*the auger j^nder^it possible to obtain a sample 
throwghftut the whQl(?layej; of ‘^ufctance. If a sample is to 
be taken from sack^s Vr, casks, the ins'trument is used only 
once for each vessel* but if, 01% the other hand, it ft’s to be 
taken from>i large he^p stored in a warehouse or the like, 
thye aug^r should be inserted in from si.'c to twelve different 
places accordin*g to 4 he size of the heap. Care must be 
taken to turn ^lle instrument on its axis wl>en it is lowered 
intb the heaps, pasks, etc., for drawing the sample. 

ThiB sample form ^f the Auger has sev^^ral defects. For 
fxample, in the ?ampling»oT sagar It^is quite satisfactory for the purer 
prima|;y products and*even for wclf-s^eparatw:! secondary products, but it 
is if( 9 t reliable for moist, s^rupy*cai^e^sugar, becayse the column of sugar, 
on being ftlrawn duf^ js apt to break off at the lower'end of the auger. 
Cbnsequtntl^ according as t 4 ic* sack is erc(|t or inclined, th» sample 
may* ii^reb%nf either yie moi§test part of the contents containing 
^nost s/rup,»or»the ,best-drainc^ 'portion., Again, hi taking samples 
of granulated or crystal sugar, jt often happens* th^t none r«f the sugar 
renmins* in \he sampler. * • *» , 

I'he, auger designeft by Gawalow^ki^ avoids th^e drawbacks. 
Thi^ ^ig. 3) consists of ^ metal .sheath *which has a metal bearing 
suitabjy Soldered to it at andiin *vhich sjides a* quadrangular or 

^ ^tOfsL Zeit, Zuckerin^.^, f888. Part V. 
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triangular steel rod.provided with a handle (C). The valve at the lower 
end of the samplei" is movable by means of a hinge, in such a way that 
in position Dj it allows the substance to be sampled to 'enter from below 
upwards, whilst in position D it prevents 

a r C ^ the ^sample from falling out of A. When 

I ' I auger is pushed into the material, the 

’ll II I rod C slides sideways in such a way that 

J* the flcjp is fixed in position D^, and on 

If IT yV y 9 ' ^'withdrawing it the rod C releases the flap 
and the*latter is closed by the prea^ufe of 
the substance iil^•the ^afk'on thed attached 
flange ^ ' 

GawalowskiY auger works^automatically, 
and sgAiples of rnatciial^, can theVeforc be 
taken quickly afld safely; itris made of 
copper* or other suitable metal. ^ 

In wh^teyer way the separate sarr>ples 
yiay have 1)6611 (al^^en, theyshftuld first be 
emptied into^a ($r, in the case of alter- 
able •substa^icl's, into a Jarge^.bottfe, which 
must 6 e*kep^orked between' ca»ch acfdition. 
The whole ^ontei^s of the vessel are then 
thrown o^t *011*19 a Icirge sheet paiper, 
tlioroughly mixed, ,artv Jumps that ma^ be 
present crushed with A spatula, and then, if ' 
the quantity is too l^rge, a sma^^er average 
sample taken, as described abov^. TJic 
samples arc then plated in* bottles, corlvyd 
’ and scaled.^ * ’ 

In the case of substanre^s which after quickly in the air* si!ch*as 
bleaching powder, potassiunj carbonate, etb, the iiample bottles nius^t be 
kept well closed, atid only opened when a new*portion*'of the sample * 
to be added ; cimilarly, the fnixiiig’ahd distribution of the sam^Je into 
the bottles must be carried out as ^ipckfy as pos. 9 ible. '•* 


A 



^ * 

C Lk^^uji’s 

The sampling of mobile liquids isr* a.-vcry simple^ OpOrafion, l^ut thaf 
of viscous liquids, a^itk especially of ^tick^, syrupy sub^stanc^l and pasty 
mixtures, is more difficult. W^en orefinary* liquids are contSineti in 
large receptaefes, the .differepL layer^s very 'often differ in com{ 5 osition. 

If, owing to shaking duHng transport, ‘or^from* other circums^aVices, 
it can be taken for ^grar^ted , that tlfcf contents of each indi'^idual. vessel 
are uniform, a small sample js tsk^n from ’every fifth ten’Ch, or twentieth 
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cask or carboy, etc., by me^ns*of a syphon, or as. otherwise desired, 
and an average sample prepared by mixing and sha’king. The taking 
of samples wh§n smaller vessels used fjr transport are being emptied 
into a larger receptacle is very Jimply effected, by, placing a small flask, 
held by means of a wire (Fig. 4), under the bunghole or stopcock 
of the cask, or the mouth of the jar. 

In large receptacles, ^where thc^ different layers might vary in 
quality, the samf)le *is taken by me^ns of a glass tube of suitable 
length, contracted above and below, the • 
equi^ial^t of a pipette, wfiich is grSdually • 
lowered into the*liqi?id, so ihat a section 
through^the whole depth of the v^ss(*l i» 
obtained! Avf iron tube, ^provided with 
some kind of valve^ muy often be emjf|pyed 
for thts ^purpose. , • 

If a sample of a very, large -(quantity of 
liquid has to bd taken,* f^pm^a tan-cistern holding io, 0 ( 30 -i 5 ,ocx) 
kUos (10 to ^5 tonsj, or from a larger reservoir holding 100,000-200,000 
kilos (100 to 200 ton^, fl'ws sapling with the glass pipette or long 
iron tube* provided •with a*vaTV(J at tht l«wer end must be repeated 
severaf timfjs. * • ^ * * * • ^ 

Gawalowski^ has con.'iJJ'uctcct a suitable pipette for liquid and semi- 
liquk]«sut)sj:ances, \Wiif:h copslstjt ^ two iron cylinder*^ one inside the 
otheV, closed at thp **lower ends, and each having a fairly wide 
longitudinal slit ; the^ a^e so cf)nncctcd, by "means^of a bayonet-slot, 
^ that the t^o longitucynal slits can be made to coincide to form a 
siijgle closed hollow cylinder, by a simple rotation. The instrument, 
wlpch is sufflciently kong to be able to penetrate all the layers of a 
large cask^when*held by the handle at the top, is introduced into the 
Hqilid^in* the closed position and then opened, so that liquid enters 
unif^rirflyffrom all levtls ; tht cylinder is then closed, withdrawn, and 
‘ t?ie contents dclifere^l intt) a shallow yessel. 

Fofc taking sampltTs of liquid mtermedkate products ^f a working 
process, the specific app^w'atus *is ^^fovided with stopcocks or valves, 
by means* of which %amples can be taken cis often* as desired. If, 
hdwcver,*an average sample, ccfnjiis^ng of a^tumber of single samples, 
taken .c^riafirn without a br^'ik, is desired, so-called “dropping- 
l 5 ottles”*arc fcmploy^d. These ^r^ large jars, holdiiTg about 50 litres, 
into which |he liquid drops .uninterruptedly.* Sfl^e rate •of flow is 
regi^atefl by means of a ^falve, 5 nd tfle»dropping,is controlled by means 
of a gla^s tube ?ittachc 3 a ruj^ber connection, carrying a narrow 
rubb;jr* ring inside 9 t th§ t«p, in» which 'a small glass tube drawn 
out to. a fiiip point is fixed.^ 

* Oe*i. chem, u. tech. 1 ^ 889 , 6 , 197 . 
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Satisfactory average samples of efflfients and the like can be 
obtained by employing a water-wheel revolving in the liquid, by means 
of which small samples of the Jiquid are continuously transferred to a 
reservoir, from which ^the average sampljr is taker]* 

Very concentrated liquids, in the analysis of which possible errors 
in nieasuring would have a considerable effect, are often not employed 
directly for analysis, but* are fir^t diluted i, lo, or 20 c.c. to 
100, 200, 500, or 1000 C.C.), and ,an aliquot part of tlie diluted liquid 
taken. In many’ cases, l^wever, it is simpler to measure out such 
liquids with an accurate .pipette* e.g.^ a c.c. i^ipette gr^^iated 

TVir ^ 

* E}* Gases . 

c 

The sampling of gases, eithe^r^ final prodirot^, as illuminating gas, 
or by-products of'industrial processes, is d€scribed*in‘tl\e section on 
“Technical Gas Analysis” (pp. ^230.-234), and under the individual 
industries concerned. 


II.— GENERAL OPEHAT*:ONS . 

A. Grinding of Sur^T!#nc 1 |:s 

The reduction of a large average sampie^'^tq a smaller one* has 
already been discussed the grinding is effected by very diverse ’ 
methods, and is carried to very different degree, s of finenc^f? according 
to the nature of the substance. 

* * * 

For the coarse powdering of hard substanotts, such as ores tyid 
analogous products, iron mortars holding from 1-20 lifres and upwards 
are suitable, provided contact^ with iron ’is not disadvantageous * * 

A good arrangement for, grinding is sh6vvn in*Fig. 5. Instead of the 
pestle, there is a heavy almost sphcrical*»blocl^, carjried^on a pivot at the * 
bottom of th^ mortar, whiebis mov^efl round by adiandlc, and wl^^ch can 
readily be lifted out. , ^ ** 

For substances whichf form a fine dust; the ^twoVold evif of incon- 
venience to the operator! and loss ^of, material is^ avoided by 'fixing*'* 
kind of sack round the rim of the morfar^; the^sack is cdntfactgii at the 
top, where it is firmly bound routld,the pestl?; thi's precaution it, 
specially to^be reconiindnded for poisonqus substances. ^ * 

It is almost always necessaVy? to p&ss the material in the mortar 
through a sie^e from time to ‘time, and to^powder the coars^«re?idue 
separately. *• c * ? 

For very hard ores ^nd’^thci lik^, an ore crusher can tjp *ienaployed 
with great advantage, or a set of sia^iall cast-iron rollsithe ground material 
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some#of their material to harder 
on the principle of coffee-mills, 


being collected in *a woodeft box. Malleable partiples left behind on 
sieving pulverised ores must be kept apart, and their weight and pro- 
portion to th^ to*tal weight of the 
sample noted. J 

For grinding small amounts of 
material, the ordinary steel mortar 
is used ; when dust is to be avoided, • 
it is provided \^ith * a brass cover, . 
which is screwed on. 

In ^lace of a steel mortar, a 
^ast-iron ^late cao *be (^nfployed, 
on whicn the sample is broken ug ' 
with a heavy hammer, or a\)iicking 
plate witlTa hc;^vy|bu^king hammer. •# 

(Fig.ti.j • . ; . 

Less hajd substances are ustiglly • 
powdered in p(5rcelain*or caty^hep- 
\wire mortal^ ; these wgllkl give* up 

substances. Apparatijs ^onst^^c.ted ^ . 

and made eitlwr ofie^rthenwafej^r ()f^iit:)n,*is also used. 

kn large*w(?rks w^iere one tlic s^mc k«d of substance has often 
to be powdered, mcchanjrfal^ grinding-machines are employed, such as 
* • ' smal^ ball-mills, plain, ribbed, or 
toothed rollers, apparatus simila,r 
to coffet-millsf or small crushers 
with vertical rollers. 

The breaking up of tough 
substances and of exceptionally 
irregultir materials often requires 
spey»l apparatus ; these are de- 
scribed in the respective sections, 
, but* it may b6 mentioned that 
cuttiflg-machines working on the 
I lines of aTiay or straw chopper, 
* , coffee-ifiills, toothed crushers, and 

the [ike, m^^' ^often •be.jadaptbtl* fc^r this pufpose. 

All^[onns of grindi»g app^i,?Atus should be accessible in 
parts for tl^ofough* ctoning, and should bo^cleaned regularly. 

Reduction to q.fine powden for analysis is effeettej, in agate, porcelain, 
or steelmortars, accord i^pg to t\ie n^jfre of the- substance, and is, as a 
rule, combined with rubbing (“ bagging through silk gauze. 



all their 
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; B. Weighing 

A laboratory balance when ^adjusted should give feacjlings to within 

o-i mg.; the more dejicate assay balancj^s are subsequently discussed. 

The principles of weighing, calibration of weights, etc., are described in 

the ordinary text-books on analytical chemistry. Rough balances, 

usually without a glass case, arc used for weigjhing out large amounts of 

substaneq. For many purposes, an intermediate* quality of balance, 

reading to i mg.*, and provided with a glass case, is very convenient, 

particularly for weighing out fairlj^ large quantities /,)f materiaj, ^hich 

are then dissolved and made up to a cl^^finite 'vpk*mc, ofir which an 
* . ' ( * 
aliquot part is taken for the analysi^. 

For less accurate work, druggist’s hand-»!>cales, with horn soale pans 
suspended by silk cords, are very*useful, the^subetapee^ being weighed 
directly into the scale pan. A handy form df this b^lanc(^ is shexvn in 

Fig. 7. One arn\ is graduated in 
divisions and* provided with a 
^lidingSvyight, so‘tlii*t from hu,n- 
dr^dth¥*of*a gram up lo i gram 
cin*^oe weighed oubdirecUy, whilst 
lar’^er quantities afe .balanced by 
oudinarj^, weights ’placed in the 
^soalc'pan. ' , • , « 

These hand-scales arc ustially 
ordy employed for loads up to ' 
30 g. and ^ to an accuracy of k) 
mg. ; they are also made, to carry 
100 g. and f ver. ‘ ^ 

For calibrating litre fla?3ks, and for many other purjioscs, a balance is 
required which can be loaded up to 2 ‘kilos and tiirnj^ with'so mg.*; it 
can be used for ma^iy other analytical purp^)ses aljio’ eg., in thc^symation 
of moisture in coal, coke, salt., etc.^, vVheri 01; mdre of substance Vs* 

weighed out.* No matter what kind t)f bafance is'employed, fhe greatest 
possible rapidity in w,eighing is alw,ays'to be,aicned at; the necessarily 
numerous daily analyses cannot possioly bo madp*if*five or tin minutes 
are taken up for each weighing. , ^ ^ *'* "* 

Many simple artifices are acc<?fdingly pised. Ih Vveigjfcing on 
sensitive balanced, crucible^, watch-glasses, beaj<prs., etc#, th6 weight 
of which K known *to* 1-2 mg., are uspd, and this wei^hV is written 
either on the glass ifself, or tW vesstls arfe marked with succewsiye 
numbers, and a note of the ’weights corrtspbnding -to the ij;Kliv*idual 
numbers recorded. In the* weighing of plajtinum crucibles, etcf, v/hich 
are in frequent ifse^ the actual weighing is really only a chepk^ involving 
a correction of the weight with’n^the limits of a fewj mg>r 
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If one and the Same vessel k very frequently used in jveighing, it is 
very convenient to cut a tare for it out of copper, nickel, or aluminium 
foil, which is placed in the other scale pan. With suitable precautions 
this procedure, which* saves m«ch time, may be eniployed in weighing 
platinum crucibles for gravimetric analysis. 

In works’ laboratories it is exceedingly convenieitt to have a single 
weight, made of aluminium, lead or« nickel Toil, and adjusted by filing 
down, as the ta^e for any .very frequently occurring quantities, and 
on which the required weight is clearly marl«d. 

TJie^weighing^out of Exactly 0*5, 1,2,^, 10, 20, 50 g., etc., has the 
advantSg^that tfie Jfnalyticjil results are easily calculated to percent- 
ageJ; tlfis method can be much reconvneqdecf, and has been generally 
introduced in works’ laboratories. 

Anotli^sr very jisefiul* method of jveighing which is often employed 
in tecihrtical laboratories [9 to weigh out such an andount of substance 
(or, in certain circumstances, a multipk of the amount) that the number 
of c.c. of volumetric solution ^ed, or, in gas volumetric analysis, the 
vqlume of ges ^evolved, •giTes^a ^:)ercentage value either without any 
calculatiotT or by %. semplp mental multiplication or division. For 
example, ^in thg analysis of b^athing powjder the “available” chlorine 
is reqifircd ;^Penot®s/arsenidTi‘^Jtw:id*sblution i^made up to correspond 
to o-i g. molechles, or 3-5j6 g. cjilorine per litre, or 0 003545 g. per c.c. 
Conieyutntly, 20 x ;) e546 y-gqii g. bleaching powder are dissolved 
in a* litre, and 50 c.c.V= 0*3^46 g. taken fof a titration ; then each c.c. 

• of the solution indicates i per*cent. of available ciilorine. For the 
estimation («f calcium carl^onate in a sample of limestone by measure- 

*ment of^the evolved ^as, since i c.c. carbon dioxide at 0° and 760 
m^. weighs 1-^768 *mg., this corresponds to 4-497 mg. calcium 
carbonate; accordingly 02248 g. of the limestone is weighed out, so 
thaf etch c.c. of^carbon d i ox id ef obtained coj;responds to 2 per cent, of 
calciunVcafbonate in 'tl^c sample. ^ 

• T The (forrectic^i q/" w#ifhiij^s for the; buoyancy, of the air can 
be ne^cted in general tccfmical* work, the errors involved are 
inajl^rcciable in their, r^ation* tO^ Hie methods of experiment and 
manipulatfen emplb)^d. 

C. St)LUTfOf5“* EVArORATION ^ 

^ • • • * 

The sub^ance can often weighed dirc(?tl3i*inlo th(i vessel in 
wljidh it* is* to be* dissolved; this Aifcs time, anef avoids the possi- 
bility of, loss diftring transference from* the weighing tiottle to the 
vessef Smployed for^the ^lution. .It is, ’*l?0wever, very important to 
select ^.vfisipl that completejy fuljk its purpose, ev 5 n if such direct 
weighing is thef eby. piysvented. •- * 
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The vessels chosen should in almost all ca^es be adapted for 
heating ; if this is the. only consideration, beakers, porcelain basins, 
etc,, suffice, but if there is any risk of loss from* spirting, suitable 
^ precautions are necessary. TJbe employment of very 
large basins or beakers as a means of avoiding loss 
from this cause is deceptive, and leads in other 
respects to both inconvenience and 
inaccuracy. Such operations should 
be ca^'ied out in narrow beakers 
or in Ii,rlenmejer flasks, ‘which a^e 
kept covered during ^the proces*>, 
either by *.clock - glasses bored 
through thd middle, a* by funnels «r 
cut off at tljQ, neck (Fig. * 8)^ ajid 
which are subsequently washed 
both inside ,and outsiAe with a 
few drops of wate^ « • 

When there is not mu^h liquid t«> eVapbf&te, off, the rvaporatioij is 
best carried out in the vessel used for s^lutipn, tspebially when previous 
filtration is not necessary, ^neb a precipitation, ctc„, is tp be tffected in 
the same vessel. Witl'ujarger athoiirKi^pf liquid,’ .afid esp^ciall;?' if con- 
centration at the boiling-point is too Jrapid,*^esscls with a large surface 
area, such as basins, are employed^ cove’red preVe^ably by a»fu^nrel of 
the form shown in Fig, 9^ ’ ' ‘ 




D. Precipitation, Filtration, ano Wa,shing op PREapiTATES 

* 

Regarding precipitation, there is little to add to what is known from 
general analysis. In works^’ laboratories it is usual, ^ind quite *Tig'htly 
so, not to be so scrupulous,, about the loftg standing after jireiipitation 
and before filtr^ation as is ‘ufteji bust^.naVy in .sciehtific laboratori*8s* 
Accurate investigations led long 3.^o to the conelusion that evg^n where 
formerly it was reconjmended to'alfow a precipitate to stand twefve to 
twenty-four hours, quitC^ as good results r.re ofitailied if the liquid is 
allowed to clear, which it does after, fi<om half an hour, to Pwo hotfrs, 
and then filtered immediately. For.jnstancp, in the aetL‘rmy;:ation of 
ptiosphoric acid by molybdic acid, ij[i ^he precipijt^tion-of/^sulphuric acid 
by barium. chloride^ifd even in the precipitation of phos^phoric acid by 
magnesia mixture, etc., prolort^^d st^ding^ is unnecessary if dafinite 
conditions aAj observed; in* the precipitation of sulphuric/acrd, for 
example, the^ solution most' be kept bailipg bi<skly, and thtf barium 
chloride added* hot, without inttyupting the boiling, iy. ‘oirf.er that 
the precipitate may form in n^granulai* condition. In other cases the 
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solution must be continually starred during precipitation; this is now 
much facilitated by the use of mechanical stirrers. 

It is very convenient to prepare re^agents in solutions of definite 
strength, as it exped^es the '^ork very greatly jjf it is known before- 
hand how much of a solution is required for a precipitation or any 
other reaction. It is naturally very important not *to add too small 
an amount of the precipitant, but an excess may also be deleterious if 
the reagent is <?arried down by the precipitate (as is the case with 
barium chloride in presence of barium sulphate), or if the latter is soluble 
in an^ej^ess of th^ former 'etc. This is aveaded by the use of solutions 
of kno^n%strengfti, atid bv flways taking the same or approximately 
the Sami weight of substance for an^al)*>js> a definite, measured volume 
of the rejigehtjisufficient for\:omplete ffrecipitation but not very greatly 
in excess,* is adde(j. ^n*ftiis way a «;ngle control test suffices, instead 
of having possibly ^to make* a number of check tests. 

To avoid the filtration and^.wa^iing of a precipitate, when the 
filtrate only*is required* for fuller investigation, a method frequently 
accepted in W^chnical labcJrAtofies* consists yi making up the liquid to 
^ certain Volume a*nd •witft^drav^ing an aliquot part with a pipette, or, 
as an alttmaUve, flouring* it>tIfrough«R d^'y filter paper. This plan 
expe^ifes tl\e ^orf< .very mTicJl,*but *it is to be borne in mind that 
a certain error ^arises, owiyg to Qie volume occupied by the precipitate, 
whicli^mwst be tal^efi into*^ccoifnt in accurate work^ and also that 
more of fhe soluble V:onsfituents is 'frecfuently retained, owing to 
• adsorption, etc., than •corresponds to the interstices f)f the precipitate. 

Further, tht filter paper may remove certain constituents from the 
•’liquid b;^ adsorption ; in such cases filtration must be omitted, and the 
clear liquid sepcfratcd^from the precipitate by careful decantation. If 
the solution is*acted upon by the air, it mast be withdrawn directly 
from tke graduated flask containing the pregipitate. 

Th(?*Tu«nels selected for fikration must of the r^ht angle (6o°), so 
•tBat’lhe ffiter pajfer q^n b« llcc'/rately fitted, otherwise the liquid passes 
through to(f slowly ; fiker pajfers shcfuld be*of close textu 4 'e, and allow 
of r*pid filtration, Fo^ ayalytiCal’yift'poses, cut ^Iter papers rendered 
ash-free b}#treatm<?nf ^ith bydrocliloric and hydrofluofic acids are now 
a4fnost tjxclujively employed ;• pleated filten papers are nok to be 
recoifluq^V'lori, ^ven for ’technical* Ialboratorie*s, on account of the very 
g^eat difficulty .in, washing thenf out, except wheti no washing *is 
necessary, eft, e.^., if the liquid l^as been made a defirate volume 

an^d *an •aliquot flart of*the^dear 5piution is to be employed for 
anal>ftisv • * ' • 

Filter pumps are liot gene^fally used in^tachnical laboratories except 
when the p^^ecipitates are particularly, difficult to deal with; this is 
because a large# numbe/ of ^iItration^»are* usually* carried on simul- 
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III.— VOLUMETRIC ANALYSIS' 

• • 

Volumetric an^l>isis includes “titrjition analysis” or volumetric 
analysis in the restricted sense, which consists in the application of 
standard solutions to the analysis of liquid and solid substances, 
gas-volumetric analysis, which consists in the valuation of a liquid or 
solid by the measurement of an evolved gas, and -gas* analysis. These 
three branches of volumetric analysis are all very extensively employed 
both for scientific as well as for teclinical wdrk. M^iy of the ^^thods 
are equally serviceable for both purpo^ss^ whilst bthers jia/fe been 
specially worked out for technical^ analysis. The latter are aescribecl 
in connection with the respectivfe industries; a special section ^ devoted 
to technical gas analysis. ‘ * * 

’9 * ^ 

The Calibration and Standardj Nation of apparatu^j used 
in volumetric analysis.* * 

•****• # t 

In all branches of volutnetric anal^^sis it, fs»of ^^rimary importance 
that the vessels employed shoqjd be a/xjrafely graduated. , 

The calibration of^volumetrtc, aj^mra^us used* in ,\he an^^lysis of 
products which are bought or* sold should ,on no accounf be omitted ; 
less accurate apparatus suffices f<^r*us#? fn tlv-' control o[ working 
processes, but 'this should at.leasf be sdbm^tcS to a «om{Ik*ativc 
standardisation if not actually calibrated. Ap^ftratus for volumetric, 
analysis can now be bought which has been tested and^ stamped by 
the National Physical Laboratory or by the BuK:au of Standards of th». 
Department of Commerce, Washington. ^ 

The conceptions as ^o what is to be undcfstooc^ Ly standarcJIsed 
vessels and what is to be required of them are very varied, and in ^ome 
respects obscure. ^ ^ ' 

In the first pj^ce, the ufiit taken as* a lia^is’for tfee stand arclisati^i^ 
must be clearly defined. scicfitific st^hdpoint tl->2 litre is tfie 

space which one kilo of water, iveighcd in a vacuum, occupies ^^^t its 
maximum density and, under staitdard pressure.# Origii^lly it was . 
intended that a kilogra^ should lie t|;ie mass •of looo c.c. o^&wateii^t 
the temperature of its •maximurfi ^^ansity, and a( 7 co»d!^jgIy th*^ litre 
v^Duld have been»iooo c.c. in volume.'* The nfost recent deter/^inations 
have shown that this#is not the c^se* and that* 6 ne litr^,#is defined, ^is 
equivalent to I00(?027 c.c. Thejp is flT^rcf«re a v^ry slij^t difference 
between the f.c. and the thou^^anSth part oj* ai litre ; this is, however* so 
small that it is negligible fp» hearl^ all purpose.s.^ 

^ For the history of ^e sul^ect, ^ L*L.cl| Koninck, Ihstorique de la me^ohe tyrimftriqxie^ 
published by Havrez, Brussels, I90i;#and, Bull, Je f Assoc, Beige ^ Chimistes] igoi, 15, 
November and Decynber. 
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Since the maximum deilsit^ of water corresponds to a temperature 
of 4°, calibrations must either be always carried out at this temperature, 
which is natur^lly'not practicable, or at ^ suitable higher temperature to 
be definitely determinjgd, the corrections to be nvade being ascertained 
either by calculation or from tables. ^This is essential in order to 
ascertain the value of the “true litre” and its subdivisions, regard being 
had to the temperature of the water jftid the buoyancy of the air, which 
depends on the temperature,* the pre.s6ure, and the degree of moisture 
present. In order to avoid the calcinations necessitated by the employ- 
ment#of«the true Jitre, Mo*hr, as early as 1855, introduced as the unit 
the volume which* lodb g. pf^water occupies when weighed in air with 
bras§ weights at 14° R. = C. 'Thi^.va^ue is called “ Mohr’s litre ” ; 
it is equivalenP to 1002-^ tr^e c.c., ancf one true litre is equivalent to 
9977 “ Mo*hr’s ” c.c.tat % pressure of 78© mm. 

• Th^ Sesi^iatioq is also Extended to the use of other temperatures 
(15°, 20^ o|; higher). In verili^atiofis undertaken at the National 
Physical Labora!ory the* Mohr’/litre is referred to weighings in air at 
th« standard^tempm-aturj^of the t^es.sel, uncicr a pressure of 760 mm., 
having a mean content *of*nnoisttire and carbon dioxide. The density 
of the brass weights^4i§cd is “taUfenJas Gn this basis, for a standard 

• temp«rature of* 15°^., the va^'me* cevrespontiing with 1000 g. is 

lOOi-pSo c.c. ' ^ • 

Ilf jdetv^^of the rx:ccssary cori^gtions for^temperature and pressure, 
the advantages whicl-^ jjjfohr and his successors claimed for the choice of 
*an alternative to the trfle litre disappear. The use of tallies (p. 33) cannot 
be avoided, aftid the true litre in conjunction with tables (pp. 23 to 24) 
*is, ^fierc^re, just as easily employed. It is, accordingly, very desirable 
• that^the word “irtrc” und its subdivisions should be restricted to the 


true (metric) lifrC, and that all chemical measuring vessels should be 
basett upon it. The tables given below cai^ cilso, of course, be used to 
determiife llie deviations of vd^sels graduate^ on Mohr’s system from 
trie litre measured • * * • * ^ • * 

The^libration of measuring flasCs* shoulcPalways be canned out with 
the sSine kind of liquid as Wiat witlj ivfiich they ar^ to be filled when in 
use, so that*the con 9 iti§ns o^ wetting, the menfscus correction, etc., are 
siffllar; apparatus Jo be used wJlJ-wmgrcury shgRald always be calibrated 
with mcfcur)^ wTiilst burqftes, piyottes, and measuring flasks are cal;- 
bmted wfth w^t^, •which does uo^ differ assentially 9 n its behaviour 
from the ver)^ dilute volumejric solutions generjuiljy used* in these 
vesgek. • * * * • *. •• 

To a^pid all the errors Inentioped a^ove, the only means is the 
emplo;fn!ent of the tAie li^re*; as already sliated, this is the volume 
which i.Jciio«of water at 4° occupies *i*ider standard .pressure. If this 
space is to be nwarked aff, bn a fla.%l?«the position of the mark will 
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depend on the temperature of the flaskr The standard temperature to 
which certificates are used by the National Physical Laboratory is 
usually is'" C ; thus the staternent that the volume of a qne-litre flask is 
correct means thatcat^a temperature of F'5° the yolume of the contents 
of the flask is the same as that^of a kilo of water at a temperature of 4°. 
The tables given -below allow the adjustment to be made directly at any 
desired temperature and pressure/ the weights that must be placed on 
the scale pan to effect this being given in each case. • ' 

Two true litre measure's of glas^s, adjusted at different temperatures, 
differ only by the difference in the expansion of glass between' the two 
temperatures, if water of the same tcmperr.ture has b^’en use^'* \f[ testing 
them. Therefore it is only* iK^ttessary to calculate the weight' whfeh is 
in equilibrium with the weight of water occupying a trti’e litre measure 
for one normal temperature, e.g., 15”. If the temperrture of tiie air does 
not greatly deviate from this, and the heignt of tli^ barometer ‘is not 
very far from 760 mm., mean assumptions may be made for the factors 
which influence the buoyancy of th^;air, pressure, temperature, and 
degree of moisture, and the reductions thus'd^tained may’ be combined 
with those due to the temperature of the Vat9r. The values in Table 
I. (p. 23) can then be employed directly in qrder t9 find how the 
volume of a true litre srhould b? marked, ofr on a flask. ' If, for example, 
the air and the water have a temperature of* if, the empty flask along 
with a kilogram weight is placed "on onq scale pan and ^brought to 

equilibrium by a tare on the other ; tlfie kilogram weight is then 

removed, and on the same side (that is, along with the flask) weights to’ 
the amount of 2-208 g. are placed; equilibriurp is then le-established 
by filling the flask with water at \ 7 \ and the volume occupie d by .this 
weight of water marked on the neck of the flask. 

In the case of greatef deviations of the temperature of die air from 
15°, and of the atmosphewr pressure Ifrom 760 mm.. Table II. (p. ^4) is 
used to correct 'the values of Tabk i. U,rr.g, the heigiif of the 
barometer is 726 mm., the tt‘mp9,rature of Ihe ai’: 25' , that of theValer 
24°-3, the weight to be added for a'Jitre is : — ^ 

From«»Table h , . . ... 3564 mg. 

From Table II. . . v* . —92 mg. 

The weight of tile volume of water ^-equired to corresjifonfl to a true Hire 
for the fl^sk at I5r^ is therefore 1000—^-^72 = 966-528 g. ^ * 

For any other normal temperature the'rpagnitude (/- 15) o-cocp27 
must be added to the above. j .thus f^r a noftnal tempefrature of 20°*’all the 
values of Table I. must be increased by luoo (20-^* 15) 0-000027 = 135 mg. 
For a water temperature oj 20^, 30.99 + 135 = 2834 mg. must therefore be 
added. '' 
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If a different vafue to the* above be chosen for the mean expansion 
coefficient of glass, then looo 0-000027) (/— I5)*lnust be added to 
the values of Table L, a' denoting the new coefficient of expansion of 
glass, and t the tempenature of ^jhe water/ The arnount of this correc- 
tion is always very small, and is hardly likely to 'be employed by the 
chemist in calibrating. * 

The Tables I. and II., pp. 23 «and 24* were calculated by W. 
Schloesser.^ • . . 

The following methods and conditions arc. ad opted by the National 
Physital«LaboratO](^ for the testing ind calibration of scientific glass- 
ware.2 ^ ^ 

T'he tests are divided into the two groups t)f Class A Tests which 
are appli(;able the examination of vessels of the highest accuracy, 
and Class' B Testn few t^<*ssels interred to possess only commercial 
accuracy^ « , * 

In the case of both tests certajn conditions are laid down in respect 
to cleaning, construction, inscrip^on and graduation marks of all vessels 
submitted for*vefificatii)nT* • •* 

The gcTieral meftioc^s of .testing are as foflows : — 

(1) Wlien aDpar^\,tus*is rtc^ivod for tttst,.it is first examined to see 
if the.cd’nditignS specified ar^ c^npliv'd with. If intended for delivery 
through a jet, the time of ^eliverj^ is determined. 

Itfpimd to be sati^actory'^in tht-se respects, the capacity test is pro- 
ceeded with. If the ^ai>^:>arat'fis does not fulfil the above conditions no 
further examination is made, and the apparatus is. returned to the 
^sender. « 

^(2) Iv the majority of cases the volumes are determined by weighing 
the^ quantity of” pure.* distilled water which the vessel contains (or 
delivers). The^^emperature of the water, the temperature of the sur- 
roufidiiig air, and the barometer'Teading are^also noted. On the basis 
of tb«^' ob.servations Jhe trB*e volume of the vesse,l at its standard 
*’tfmperature is cakul^ted. 

(3) ^Vessels for use* with itiercu/y are tested with this liquid, using, 
whefr possible, a rising i^ieniscus.** Yhe weight of their mercury content 
is determined, and* tt^e required volume is deduced i^om the results 
otfcained’; the femj^eraturc of tke, mercury at ^the time of test and the 
buoyanry effect of the air^ being tgi,kcn into account. 

* (4) The adjustment of a water*‘meniscqs to a mark on a vesseMs 
made so that the lowest point,, of the meniscu's i^Jn the pjane which 

coptdins'the^'mark.*' In this acljustmeiAt,»the axis of Ae vessel should be 

* r - . 

^ Zga^geiv. Chem.^ igo3, 953, 97^, and f^04 ; C)i^. 1909, 25, 509. 

2 The authors are indebted to SiV J. E, Petavel, Director of the Nationaj Physical Laboratory, 
Teddingtoti, Middlesex, for these data*, A panip?neC*containing full details of the tests, certifi- 
cates issued, and changes is pubUshed by'lhe Labor^ttcy. 

/' 
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vertical, and the observer’s eye placed, in such a position that the front 
and back halves oT the mark coincide. The meniscus should be shaded 
by folding a strip of black paper round the vessel, the' top edge of which 
should not be more than i mm. below Ijie mark ^)n which the setting is 
to be made. The meniscus so shaded should be viewed against a white 
background. 

(5) In the case of vessels which are intended for use with mercury 

•the upper surface of the meniscu^s is brought into* coincidence with the 
mark. The mercury surface should be shaded by a strip of black paper 
placed just above the ma^k to wtiich the 'meniscus is to be*sei, and 
viewed against a white background. \ * * if 

(6) Vessels calibrated for^ delivery and provided with lips’, are 

emptied into a glass by gradually inclirning them, tntil, ;vhen the 
continuous stream of the liquid Ijss ceased, tfidy nremearly vertical. In 
this position they are allowed to drain for half a injnute,#and'chc lip is • 
then stroked against the glass. . * 

Flasks intended for delivery are en\)ticd in»a simiUr manner. 

(7) Graduated vessels ^e ordinaKly 'tesfeU at five poii>ts. , 

The following data are included in the detailed regulations and 

tolerances specified by the l^borator}\* . * 


^Class K Test.^ 

Flasks. 

t 

(1) In the verification of a flask, the vessel is first carefully^cleaned,* ' 

and filled with distilled water to a few millimetre^ above the mark, (jare 
being taken to avoid wetting the neck above this level... ''The surface is 
then adjusted to the mark by removing small quantities of Water.uwRh a 
fine capillary tube^ * . « . 

(2) The inner diameter »f the 'neck at^Eie njark'must not exce^' 

the values given below : — • - ^ ^ 















Capacity c.c. . 

10' 

25 

50 

• 100 

250 

500 

1000 , 

1500 

0 

0 

3000 

*4000 

5000 

Diameter mm. 

C ^ 

8 

10 


14 

,16 


20 1 

* 



. 

'65 

4r 

f. 


(3) The C/ass A tolerances allowed on flasks dre t ^ 


Capacity c.c. . 

10 

25 

50 

l(>o- 

250 

^00 

100^0 

1500 

2000 

3000 

0 

0 

0 

'oOCO 

Tolerance + C.C. 
for content . 

0*008 

0*015 

0*03 

’0*06 

t 

0^08 

o*u> 

0*20 

0"25 

0*35 

0*5 

0*&' 

1*0 

for delivery . 

0*016 

'0*08 ' 

0*06 

o*io 

V16 

0*30 

0 40 

0*50 

0*70 

1 

i*-o' 

f*6 

2*0 


i 
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Pipettes. 

(i) The outlet must be of such a size that the tinfe ocpcupied by the 
outflow of water, as defined in paragraph (3) below, conforms with the 



(3) Or^dinary pipetfes c^e^lafliped vertically for test, and filled with 
water fo a short distanc^ alx),vc the^ mark, \Vater is run out until the 
.meniscus is on the fnark and the outflow is then stopped. The drop 
adhering to^thc tip is removed by bringing the surface of some water 
'contained in a beaker* into contact with the tip and then removing it 
wirtiout jerking, « The pipette is then allowed to deliver into a clean 
wei|hed vessel .held sfightly inclined so that the tip of the pipette is in 
contact with the side of the vessel. The pipette is allowed to drain for 
mi nuto a^ter outflow has ceased, the tip being in contact with the 
,s^e of th# vessel^ At Ihc^^nd 9f thp draining time the receiving vessel 
is removed ^rom contact with,tlie tip, of the pipette, tSus removing any 
drof^diiering to the outside of .^h^ pjpette. To determine the instant 
at which tl^e outflc»v,ce‘ase*s, the motion of the w%ter surface down the 
d^very^Jube of the pftpette* is observed, and the delivery time is con- 
sidered J:o be Complete when the-fneniscus comes to rest slightlj> above 
the end of the delivery tifbe. Th'S,! minute draining time is countgd 
from this nM)ment.* * ^ 

(^) Th^Slass ^ toler^ncei allowed on pipettes ^e: — * 






** • 




1 

Capa^t^c.c. . 

Tolerance + c.c. \ 

2 6 

t 0 

10 

20- 

30 50 

100 

150 ' 260 

! 

1 

0 

0 

for c^itentg V 

or delivery J 

0’006 0-01 

• 

-_j L 

o-oig, 


0*025 0*035 

• e 

0H)5 
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0 

00 

0*16 
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Burettes and Graduated Pipettes. 

(1) Enamel-back burettes are not admitted to Class A tests. 

Burettes without taps are also excluded. ^ 

(2) The gradu&t^ portion of graduated pipettes must not exceed 

35 cms. in length. , 

(3) The diameter of tl^e outlet must be of such a size that the time 
occupied by the outflow of water from the zero mark to the lowest 
graduation mark conform^ with the C/dss A limits given below. 


Length 

Graduated ; cms. 

} 

15 

'20 

25 

-1 — 

30 

35 

*• 

( 40 

45 

' bo' 

< 56 

60 

'f 

t 

70 

75 

Minimum Time of 
Outflow : secs. 

) 

30 

40 

r 

'f^O 

"eo 

70 

^0 

90 

100 


120 

130 

140 

150 

Maximum Time of 
Outflow: secs.* 

I 

J 

60 

80 

100 1 

120 

IJO 

16/) 

180 

( 

200 

22oj 


2(V^ 

?80 

300 


Note. — (a) For lengths not tabul^ited, the times allowed are those 
corresponding to the next^’arger tablilatcd length. , ‘ ‘' 

(d) The time of outflow of bure(*tes is talcen with the stopcock 
fully open. ‘ ' " ^ ^ 

(4) The time of outflow must be rri^irked on the tubes ‘of all burettes 
and graduated pipettes. The actual tiipe outflow must be vvithin 
the limits given in the preceding paragraph, and also must' not 'differ 
from the time marked on the instrument by mere than the amounts 
given in the following table: — 


Marked time of outflow : secs 

50 

100 

150 

20J 

SCO 

Minimum difTerence allowed between the marked 
time of outflow and the actual lime of out- 
flow + secs * '. 

4 ! 

8 

1 1 

. 

12 

' 16 . , 

t •* 

1 

I 0 


Note. — For marked times of outflow ndb given ih' the alJove fabJb,*^ 
the tolerances are the same as for the next larger tabulated tin^s. 

(5) Burettes and graduated pipettes are.^'lamped vertically for- test, 
and filled with water to a short distance above tlle^zero mijrk. Water 
is then slowly run out ufitil the menjsous is exactly on|he z^s*ro m^i^k. 
The drop adhering to the tip is theiicfemoved by bringlngi the#tif) into 
cbntact with the inside of a glass beaker. TJie instrumenl is then 
allowed tq deliver /reely, ie., in the case of burettes, witfi file stopcock 
fully open, into a clean weigh^dr vessc;!. It is necessary,® howevar^ to 
arrest the full flow of liquid in time tc cbtalin control over, the final 
movement of the water surface and to bring dthe meniscus^ to rest 
accurately on the line to be tes^ec^ The instrument is ther^for^ allowed 
to deliver freely until the watei; surface is approximately i cm. from the 
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line to be tested. The rate of otitflow is then reduced an‘d the motion 
of the water surface brought under control so that an accurate setting 
can be made on. the line in question. Nc^ period of waiting for drainage 
is allowed. The drop^dhcrin^ to the tip after tho setting has been 
made is removed by bringing the sidc^ of the receiving vessel into 
contact with the tip. ^ 

(6) The zero mark is always talfen as the starting-point of the 

intervals tested. * * * • ^ 

(7) The Class A tolerances allowed on burettes and graduated 

pipettJs Sre : — • 


. - r-- 

Total capacity c.c 


• 10 ^ 

30 50 

75 

100 

200 

Maximum allowed at any,p^ii\ and also 

maximum difference* allowed l)ctween the^ 

• 






• 






erro^j^ j|L anjj^two points for cantent or de- 
livery + c.c. , * . • , . « . 

0-01 

;0-02 

0-03 0'04 

0-06 

1 

0*08 

0T6 

• 

1 

— 




— 

— 


‘ Note. — (a) For capacities no( tabulated, the tolerances are the same 

as bhose giverffor th^ nexj; larger tcibulated qepacity. 

(<^) The tolerances apply to tlic whole of the graduated portion and 
to any fractioiii^of iff , Thus,Jor^ Jxamjpfe, a 50 c.c. burette may be in 
• error by ±o c«^.c.c. at*any point*provided that 1?he difference between 
the errors at any two j^oinl^ tinted does not exceed 0*04 c.c. 

, .Xjraefuated Cyliftders. 

(1) Graduated cyliiVlcrs calibrated for “delivery’' Sre not admitted 

Class A te^ts. 

(2) The graduations should be omitted from the bottom portion of 

the tylinders for a length corresponding to one-tenth of the nominal 
capacity, '^hus, for example, the graduation’s on a 500 c.c. cylinder 
should (?pmmence at the 50 c.c. mark, and boJew this point the cylinder 
shoul^TTC ]pft plain. • ^ ^ ^ 

^(3) The ^ 7 ass ^ tolerances aflowed ton gl'aduated cylinders arc: — 


- - - _ 

• 









ToUl capacity c.c. . . .« 

6 

ja 

’ 25 

60 


250 

m 

500 

1000 

2000 

JVJ^imum^rror allowed at an;^point,* 
Mid allb mtfcimury difference 
allcflve^^ between fhe errors at any 
two poiqts foi content + c.c. • . 

• 

05)4* 

. -IP 

0-10 

r 

0*15 

0-25 

O'iQ 

1*0 

1*5 

2*5, 



• 


• 






Note. — noto (^)^anci (/;), relating to tolerance on* burettes, 

appi/^ls 5 to graduated evlinders* 

• * • • * * <» 


• • • Class B*Tests^ 

The 'Conditions and methods of« fest for this class are, generally 
speaking, idenj:iclll wjth •those for Clasi^'A tesfs except that, in some 



30 GENERAL METHODS USED IN ffCHNICAL ANALYSIS « 

t 

cases, the capacity may be determindd l?y volumetric methods instead 
of by weighing. 

The tolerances allowed are as follows : — 


, Flasks. 


Capacity c.c. 

10 

25 

50 

lOtj 

250 

500 

1000 

1500 

2000 

3000 

4000 

5000 

Tolerance + C.C. 
for content 

0*02 

0*03^ 

0*06 

O-IO). 

0*15 

0-25 

0*3 

0*4 

0*6 

0*8 

1*2 

1*5 

for delivery . 

0*04 

0*06 

5*12 

0-2 

0*3 

V 

o-o J 

1 


1*2 

i!i 

, 2*4 

3*0 


> t 

’Pipettes. 'I 


Capacity c.c. 

2 

5 

10 

20 

' 30 

ii 

50 

ipoj 150' 

1 

2f50 

500 

Tolerance + CC 1 

for content !- 

or delivery J 

0*012 

0*02 

0*03 

\0*035 

0*0.^5 

0*06 

1 

L 

0*12 

0*25 

H 




1 

• ) ^ 


!'0*08 1 0*10 

'i _ 


, 


Burettes and Graduated Pipettes. , 

Enamel back burettes anti burcUes without 'taps, though excluded 
from Class A tests, are admitted to Clas<: if lesb^ 


Total capacity c.c 

2 

f 1 

10 *! ‘JO 

50 

75 

o 

o 

o 

Maximum eiror allowed at any point, and also 
maximum difference allowed bctv\oen the 
errors at any two points + c.c . 

0*015 

0*035 0*05 

0-07 

0 * 10 . 

0*11 fi'25 

1 


Graduated Cylinders. , ^ 

Graduated cylinders calibrated cither for content ” of “ricrryery” 
are admitted to’ Class B tesus. ^ 


Total capacity c.c. . . 

5 

t 

10 

25 

'*50 

100 
f. t 

250 

500 

r •; — 

looV 

2000 

Maximum error allowed at any point, 
antf also maximum diTerence 




r 



• 








# 

• 


allowed between the errors at any 






« 


• • 


two points. , 







• 



for content + c.c. . 

0*06 

0*10 

0-15 

0 * 25 - 

0*40 

0*8 

f 

1-5 

2*5 

4*D 

for cfelivery + c*c. . 

0*08 
1', ; 

' 0*12 
•1 

C*20 

0*30 

0*50 

1'0>J 

,, 2*0 

3*0 

f r. 

5*0 


Corresponding tests fo/ vessels for' gas anafysis, vessels with 
auxiliary graduations, specific gravity Dottles and tubes ancl 'vessels 
for milk analysis are also specified and verified by '‘the '^•National 
Physical Laboratory. ^ 
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CALIBRATION WITH THE OSTWALD PIPETTE 


The methods of Verificatien adopted in the United • States are 
described in Circular No. 9, published by the Bureau 'of Standards of 
the Department of Commerce, Washington, in 1915. 

Should it be desiraJale for s|[)me special reason Jo undertake the 
calibration of apparatus, this can be done with sufficient accuracy, 
and within the official limits of error, hy employing a sufficiently 
stable balance, turning with 0-05 g., foi» vessel^ holding up to 500 c.c., 
and an ordinary Analytical balance aivi a weighing bottle, provided 
with a glass stopper, for smaller v|sscls. The temperature of the 
water Employed in jalibratiilg should be determined with an accurate 


thermom0j;,e% to witfiin *± o-U.f 

Th^ contents of ordinary pipettes gre*^mptie^ at one delivery into 


the weighing btttle, those %>f burette? and measuring 
portions 0P2-10 c.a a# S ^ime, accef^ing to the ac- 
••curacy deSiredi; ihe^ conditions with regard to delivery 
and the interval allowed for clraiiwrig as practised at the 
National Physical Laboratory beii^ observed. If Mohr’s 
system is usech the weight •ft)r the* normal temperature 
cho.scn must*be calculated accprdii^ to the Table on p. 33. 
For the trtOi litre the^ata git^clt oft p. 21 r/ are to be 
• observed, • and ^'fkbles.I. aiKl*IlV(pff. *2^ and 24) used 
for the necessary correctio^j^. Tjie error of the vessel 
' is theiif^ivtn by the.dlfferenc^ hcAveen the calculated 
additional weight and^ tJfet actually requireef 

At least two calibrations should be made, and moi»e 
if there are large differences in the determinations, and 
irom^ the mean of the results a table of corrections is 
draw|g up. In the case of measuring flasks and ordinary 
pipettes, it is preferable to alter the graduation to the 
correcft^ci position. ' , 

If/i««§ireAt many caliljrationft have to be parried out 
tHefdefay due to w(^gh^ig bafavo^(^d by the use cff 
standard ^neasuring instrumeifts, alflTough t 4 iis is less 
accuratrs than direct weigliing. Vo*i; this purposg the 
*Ostwald pip( 3 tte (Fig. is .usually employed.* These* 


pipettes in 



pip0Ttes afte rngde ^to ^hold 2 (fr.5 j.c., accorj)ing to the degi3e of 
accuracy ftequifed*and are ^ested^as^iollows. The pipette is fitted on to 
the^lower end of the ^jiy-gtte as shqjvi-J the burette is filletf with water oU 
the normal temperature, and theyi by opening a*pi»^h-cock at a the 
pipey® is filleS exacftly up fo the^marl^/^ A weighing bottle is then 
placed te^yw the pipette, Flic* pinch-cocl< At d opened, and the water 
allowed^t# flow out untM it jpsfc rcaclacs the*^ mark r, one or preferably 
two minuses J)eing allowed to^elapse ibi; completion^ of the delivery. 
If this interval i^allowecj, it is ^mnecesgiLfy to connect the side tube 
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of the pipette with the jet of the. burette, instead of, as is shown 
here, with the rubber- tubing. The mean of three weighings of the 
contents of the pipette, if they agree well among themselves, is taken 
as the standard., To calibrate the burette ^ it is filled with water 
at any desired temperature, which, however, must remain constant 
during the calibration ; then* by opening a, the water is allowed to rise 
to r, and the burette filled to the zero mark. By again opening the 
water is allowed to rise exactly to b, -and a reaefing of the burette 
taken. The water in tile pipettf; is next allowed to run out to c by 
opening d, and the pipette again filled iip*to the i^ark b by epefning a ; 
the position in the burette is again read^oflf, an^ so*bn unt/1 Jiie burefte 
is empty. An interval of mipute is allowed to elapse befort; each 
reading in b, or c. The me?in of two iSeries of expiriments is taken, 
and the actual capacity of eac^f interval oY*thti burette, corresponding 
to the capacity of the pipette, is thus detdrmined., Ifi fer e.^amplc, thep' 
capacity of the pipette determined ‘by tfie use of' Table 1 . has been 
found to be 2«I234 true c.c., and jfVthe firsts pipctt6 delivery occupies; 

2-20 c.c. in the burette, cd'ch c.c. of the bureKe.= - = 4-036 c.c.‘ If 

the reading of the burettc«afttr the Jecbncl delivery is^4-35 he., each c.c, 

in this section contains — 1-01.3 c.c., and so on. In this way* 
2-1234 4 ; 

a correction table or curve for the *burcfte^ readings can be Con^tvucted. 

Cushman ^ mentions an improvement on tf\e ^Ostwald pipette which 
Ostwald himself had previously adopted, which consists in graduating 
the upper narrow tube, care being taken that the capacity of the pipette 
from the mark c to about the middle of the upper tube b ^ c.d 
It is then not necessary to determine the capacity of the pipette by 
a number of accurate 'weighings as above, but onl} *to find the value 
of the pipette scale with*r^gard to the burette scale by a few detcfmina- 
tions. In calibrating, 2rC.c. at a timb arc rllowed to jjas'j^-2,m the ^ 
burette into thb pipette, and thf height of fnc liguid in the fatter nofed ; 
the corrections of the bi/rette can* thus l)e calculated. This falibration 
is of course only relative; if th*e absolute values of the graduatfbns are 
required, the capacity of the pipet,te must*be d(j)termined ii^ the ordinary 
way.^ Or it may be fo«jnd by mq^iRg^’a few \ycighipgs, #0 as*co asc^Aain 
^ up to which of the graduations oft*, the upper tube the* pipette has to 
be filled so that it holds ‘exactly ? c.c. ; it is sabscquentl^y always filled 
up to this marl^ and used for calib^;ating according^^to the method 
described above, whereby th^^ corrections to be ajjplied to the rca^lings 
of the burette can be found .withoyt much calculatidn. For c'alil^rations 
according to the true litre, attention muiSt bd paid to the M^tails on 
p. 2 1 seq. ‘ , , ' ; ' . . 
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The temperature of the volumetric solutions should really be always 
the same as that at which the burette was calibrated, and this tempera- 
ture should be indicated on the vessels (e.jr., , etc.) From this 

^ 4 ’17-5: 

point of view some prefer the calibration to be made at I7°'5 or 20°, 
because these temperatures approximate rnore to the average laboratory 
temperature. Small deviations from «the normal temperature can be 
overlooked, as theif effect falls^within the limits of experimental error, 
but a considerable error is introduceqj by working at a* temperature of 
say 8° to #10° or ev^^n lowef, as often happens in works’ laboratories 
in^winter,pi> on tht other hafld, when the temperature rises to 25" or 
more *111 summer, as may occur ii-^ Ui^ best laboratories. Under 
such circumstanoes if the tc^nperature* differs from the normal by 
more than the necesl^aryhorrections^iire imperative. In most cases 
•^ihcse corr*ctio*is*may be maTie with .sufficient accuracy on the basis of 
the expansion of distilled water ,• if gr^iatcr accuracy is required, the 
stables drawn up by A. Schulze ^ for a number of normal solutions may 
be i^ed. For correcting rtTiflings when the temperature of the water 
exceeds 15'',* use may bcf mgde o^.the following table, calculated by 
Schloesser •for the ^(jxpansibi^ cclfsfficient of glass = 0-000027, and 
•the valgc 5 for aft expansion of w&tei* gi^cn by Vlie Physico-technical 
Reichsanstalt. The figures»jjivcn «in the table are the number of c.c. 

* which 4];^ us I* be subtga^ted from .if)00 c.c. to give the volume of 
distilled water which i^t P' fills*a litre flask, calibrated at 15'’, so that it 
occupies a volume of lODO c.c, at 15^ 


Teiii^, 

c.c. 

Ten Ip. 

c c. 

15“ 

0 000 

23“ 

1-348 

16'’ 

0-130 

24’ 

1*563 


0-272 

25" 

1-788 


0-42 

26“ 

2.023 

19" 

0.58 

27” « 

2-267 


o-’jb 

28" 

2.^20 


0-94 i 

29 ’. 

2 - 78 ^ 

22% 

Vj 4 

30' 

3-053 


Thft Table holds for th^J icpparcnt expansion of d^tilled water. The 
values for N/^ and A7if)^olutk)ns differ so slightly from tTiese, that the 
tabfe^iay^lso 1^' used for thcse*s»l unions. F<^ N/i solutions, oti the 
other jiTiiid, the •deviations are, ^fcater : for hydrochloric acid, the 
expansion •between iS® ^nd 25'A^ja3j be tak(»n as 2-42**per cent; for* 
oxalic acid, 2-S2jper cent ; for sujphuric acid, 3-05 f:)cr jent ; fo» sodium 
hydro3iidcf 3-1^ per €cnt, aifU for fodiurta tarbonate, 3-03 per cent 
In using such solutions Snt)rs may also Be introduced by working at 
tempcriitires differing •ppre^ciaJbly from thSt at which the solutions 
were stan^arcysed. For instance, injthe.case ofjior^paT hydrochloric 

^ anal. Cfiem.^ 1882 ,^ 167 . 
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acid, standardised at 1 5°, readings ma^ie at 10® must be divided by 0-9991 
and readings at 20® by i-cx)ii, in order to avoid an error of ± o-i per 
cent. ; for normal sulphuric acid the error is about i J times greater 
than for distilled water. * c t ' 


Apparatus for Volumetric Analysis 

The ordinary apparatus uSed in volumetric analysis, such as 
measuring flasks, measuring cylinders, pipettes and burettes, is familiar 
to every technical chemist, andf is fully described in text-books on 
analytical chemistry. Attention may, however,, be advantageously 

directed to a few points of importanceV for technical labrr^ory wofk. 

• 

Buret*^es and Pfpettes. , 

The cheapest and most convenient of cite var^!ous fornls of burette 
is that shown in P'ig. 13, in which, the exk tube is clpsed with a glass** 
bead, thus dispensing with a metal pinch-cock. 

By squeezing the rubber tube outsfde tke bead a, it 
takes the forjn shown in Fig! V3A, thus lc»^ing a spa(;e at 
each side through which'the iiquW flows out;*with a little 
practice in the manipufetidii,* the* liquid can bb 
allowed to escape as quifckJyW as ^owly hs*may * - 
be desired. This arrangement! lasts much longer 
than any of the variouj fiornis of piifch-cock, with 
their accompanying rubber tubes ;'i^ is, of course, inappli- 
cable to potassium permanganate and iodine solutions. 

When used in the control work of manilTacturing pro- 
cesses, no special precautions in reading burettes, ar^ 
necessary. For more accurate laboratory work, ho^vever, 
the following precautions are necessary 

In order ^be fairly certain of reading burettes*qf^o c.c. 
capacity, and^ graduated in* to within the 

use*of a pocket len^ i.^ adtoit?iJeou^; it^s also necessarj to 
« avoid two s'i>urces b'f uncertainty, namely, *the^ndistinct 
boundary between ‘air and licjiiict and the paralla:sf error. 
The first is generally avoided.by tij^ifg the louver boundar; 
line of the Black meniscus as the normal i(eadin|!, bui. S;h 
cannot be done in the /:a^e of^^arl-: liqifldsi such pe 
maYiganatc solution. ' TJic bound vy line is rendered hk .. 
t sharfx^r Ity shutting off tjie light from below, by placing 
a strip of black J^aper behind •the buPette, >^ith*the* ppper 
edge not more t*han i mm. b^ldW the meniscus^*as* recom- 
mended by tffb National i^hysicak Laboratory ,• tfie strip 
convSn^entl}^ held ,by an ordinary wire pa^Cr-qlip. The 
meniscus so shaded shoulcl,]3e viewed agajnst a ^hite background. 


can 


be 
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P, Schellbach^ rec6mmencls» the use of burettes with ‘two narrow 
white longitudinal strips separated by a dark -coloured (blue) strip 
down the back of the burette; in this way a fine point, which can 
easily be read, is formed at the lloundary*of the meniscus. 

The second source if uncertainty is due to parallax. If the eye is 
not quite accurately in the plane of the Ineniscus, the .reading may be 
several hundredths of a c.c. too high or tob low. This is obviated 
by having a circular, mark .for reading, which appears as a single 
line when the eye is exactly in its pjanc. Fdr this purpose Erdmann 
devised the cylindrical floaty which is, however, open to the objections 
that it ofje^ stickif, es^eciallyfwhen the burette is being filled, and that 
the greater accuracy of reading hopecj fiy^frqra fls use is rendered quite 
illusory by its frequently takif^g an obliqlie position and by the unequal 
capillary rJ^e of the# liepuid Ijetween iti^exterior wall and 
I the insidoi wail pf the burette. For these reasons niost 
chemists have abandoned its use.. ^ 

The spherical* float qf Bcutell- (Fig. 14), in which 
capillary effects are obyicrtbd, is a ^considerable improve- 
ment on that of Er'dmlinn.^ With a good float of this 
kind, which takes a t|;ue ‘vertical j^xsitioiv, a;i experienced 
observer*can r^d quife well •to,Sc 5 -oi*cfc.^and in^ny case 
with much greater ccrtaiiy(y thaji without a float, when 
ordina^^ birettes withc^t circifjar ^ifarks are used.-^ These 
floats are often not properly Veighted,*and consecjuently 
hang obliquely ; they are then quite useless. 

Ordinary €oats cannot be used for fairly strong per- 
tnan^anate solution, on account of its dark colour. The 
■double spherical float proposed by Rey, ^ one sphere of 
which projects ^t^vc the liquid and carries tlic mark, for 
such ftolmtioifs, is unsatisfactory, dfi account ophe difficulty 
of gejjii}^ floats of this^kind which hang vertically amd also because 
th# u^per Sphere fs too snfcfll, /I'he* floats •constructed by Diethelm* 
are somewhaf better, but the uj 5 per buib is also unavoidably ioo small. 

The ‘problem of avoiejiryg parallax find at the game time attaining 
a sharper reading is* \b^y satisfactorily solved by the use of the light 
scrt«i coifstrucjed by Gockel^ ( 1 *^ 1 # i^). which ^'enders both floatss and 
circuit g^radi^tiftns* unnecessary. ^Jt is a blackened clamp which is 
plarf:ed on the burettq 2^tp 3*mm. be^ojv^ the low^ist point oT the meniscus ;* 
owing to its ctia^onal form, it caq be fitted to tifbesa^f from #9-20 cm. 
diameter ydtlfSnc arnd the*same»clamy.# The black clamp shades off 

^ Chef)i,^eit.y 1885, 8, 151^. ^ Z. attghif C/tern,^ 1889, 2, 8. 

^ Cf. G. Lunge, $th Congress 0/ Applied Chemistry^ 1903. , 

^ Ber., 4891, a4, 2098. . ^ ^^infZei/., I02^ 26, 607. 

“ C/tem. Zeil., 190^27, 1036., C/, alsoG. Lunge^#^, Chem.y 1904, 17, 198. 
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the superfluous li^ht, thus forming a* very sharp/dark boundary line. 
If necessary, especially when the light is not very good, a sheet of white 
paper or a small piece of frosted glass may be held behind the burette, 
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or fixed to the back of the claYnp. The mew'feature ifi Gbc^el’s screen 
is the avoidance of parallax, *by making‘'the^o})tning of the screen 
exactly ^t right angles to its horizontal surVaccs. ffietidlie plates,*' 

screwed to the clamp, act in such .1 way that on opening and closing 
the screen its motiop is alwayc in the same plane. In f 
order to avpkl paralla'x, thefefjbre, it is oniy necessary to 
bring the eye into such a iposfiion that the front and 
back edges ' of the uppef surface^ ( tC the screen coincide. 
The same object can UOiObtained for a ihu-rcury meniscus 
by placing the screen 3 rto 3 l^im. dlHnr it, as shown in the 
figure. The screen "can aljjo be employed for avoiding 
parallax errors’ in dealing witi( opaque solutions, such 
as permanganate, although the '•meniscus is, of course, 
not visible. ^ ^ 

In addition to the ordinary pipettes the measyring* 
pipette suggested by 0 . Bleicr,^ shown in Fig. a 6, is 
useful foi technical analysis. It is designed to deliver 
quantities fi’o to say 50 c.c. by means of one and ‘Lb(?same 
pipette, according as the point d, c, c or 'jG^^en as 
^ero. The capacity frc/iii 0 io e, ; to'V/, li to' e, aiid r to 
/ must always be 'exactly 10 c.c., and tlie connecting 
tubcfi must not bq too widoj vs other vvdse the pfactical 
value oPthe device^is lost, -i ** 

Whei^ one and^tha >^amc volume gf liipiid Ifas ojjJElfl to 
be measured off, self-wjjysting, pipettes (ovtrflovf pipettes) 
arc very sdtable, espcjcially whoin, large amounts (50 to 
100 c.c.)‘havc to'^c taken. There aro i;iany forms of these pipettes, of 
which those shown in Figs. i>. a'nd are ekample^. ^ «• 

It must not be overlooked that, even under the most favplirable cir- . 
cumstances, measuring in pipettes is fur Jess kccurate than «wtjighing. 
The procedure very generally md advantageously adoptq^ foj;. technical 
1 Zei/., iSgft 21 , 1023 . 
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work, of weighing out a largS amount of substance, dissolving it in a 
measuring flask and withdrawing an aliquot part of the solution for 
analysis, is nevejr as accurate an analyticc^l opera- 
tion as the weighing oilj and direct analysis of a 
small amount of substance, even if the measuring 
vessels have been carefully calibrated. The ^ad- 
vantages of the latter method may, however, 
be more than courttdrbalanccd by thS diflicylty 
of obtaining a satisfactory averagd sample in 
small bulk. • 


-9 



• 0 , 

Quality of the Glass emplpyed irf vqllimetric 

\ * , anaiy^s! 

Attentionfcto,the^quality*of the glass of which 
the measuring vessels, beakers -aiid flasks, em- 
ployed in volumefric work, are made^ is of import- 
anye. It has Jong beeit knt,)tvn that many kyids of glass are gradually 
attacked e^en by distilled \^4atcr,*and more readily by alkalis, with the 
liberation both siljcic acifl ?tnd^f alkali. ♦ Glass is much more resist- 
ant to^w 3 rds a^ls. I\/any in9c;^‘5^*atfbf)s^havc b«en carried out on this 
subject, which will be dcalt^Mth iq the section on “ OVass " in Volume 1 1 1 . 


Indicators* /or Acidimetrv and Alkalpmetry^ 

,• A dissolved substance which changes colour when the acidity (or 
. hyefrogen ion concentration) of a solution, in which it is present, is 
varied, is a possjblc indicator. The factors, on which the practical 
utility of ait indicator depend vWll be discussed later. 

Most the indicators at present in us^arc either weak acids or 
^fak^ase# or ani^fliotefic |i*ibstancGs, Thuk the purQ substances are 
but .slightly fonised in%queou‘*.solutiicwT, but 911 addition of alkali to an 
acid yidfcator (or of acid to a basic ^me) salt formation occurs with 
greatly incr(^ised ioii»at*on, A change in coloiir is observed owing to 
thg^^act tJjat the ions hSve a difj^rent colour to that of the non-ipnised 
subs'fewc^. Phe«olphrtialbin, for* cxiTmplc, is *a weak acid, which in 
dilute solution in ^ water* is cblfrin;le.ss, and gives a«» hydrogen ioiT 
concentration of the* order of at ordinary Ijpmperatures. On 
addition of alkali, ^he weU-kilb^n rejJ jolour of thb ions of the salt 
• • • * • 

^ For details see the* following monographs; — The J'heorv and Use of Indicatots, E. B. R. 
PrideauxT Ifl 6 ; Dje Theorie dM' A Ikaftmsit ischennind Aztdimetrischen Tiirterungen^ N. Bjerrum, 
Ahrens’ Summlung, xxi. ; Der S/and der Indikatorei^F^age^ A. Tliiel, Ahrdis' Sammiung, xvi. ; 
Indikatoren^der kztdimettxe und AlkalwJeirie^ F.C laser, 1901 j The Determination of Hydrogen 
lons^ W. Mansfield Cl^k, 1920 \ *De) Gebrauch von FJ/^emndici^toren, I. M. Kolihoff, IQ22. 
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appears, which can further be changed to colourless. again by acidifica- 
tion, with forrhation of the original weak acid. 

The colour change is now, considered to be due not merely to the 
formation of ions,^but to more fundamental ch%tiges in the structure ol 
the complex molecule of the^ indicator. The behaviour of indicators 
which change colour at several points as the hydrogen ion concentration 
is varied continuously, and the* effect of adding alcohol, etc., to the 
solution, together with^ many' other phenomena, can scarcely be 
explained by the use of the ionic* theory of the action of indicators as 
stated above. It is therefore supposed that changes of a tSutbmeric 
character take place coijcurrently with the formation of salt^^ • 

These theoretical views giveViscto important practical considerations 
when indicators are used in acidimetry^an^' alkalimHry. ^ First, the 
range of hydrogen ion concentr?i‘tion in which the ^oloiw change occurs 
must correspond to that concentration which obtains atrtlfb edd j^oint it 
is wished to observe ; secondly, the eolour change must npt lag behind 
the variation in hydrion concentration, as happens, for instance, with 
cyanin and haematin, owing to the slownes? of the tautomeric trans- 
formation; thirdly, the colour change must be independent^ of factors 
other than the hydrion Variation, anc( ,it must' ^be easily visible in 
ordinary illumination," Other desirapbc conditions, such as tfie* exact ' 
coincidence of a vivid and sharp colour *-t!:hange with the pojnt of 
neutralisation, are more difficult te achieve in practice. *" 

The more commonly used indicators will now* be reviewed from the 
point of view of their colour changes. It is convenient to record the 
concentrations between which the colour changes take place (the range ^ 
of the indicator) as the negative logarithm of the hydrion concentration 
expressed in gram ions per litre (/ II). Thus the change of mithyl 
orange from red to yellow begins at p. hydrion concemtradon of 
and is complete at a conec.^tration of lO"'* ®. The range of the indicator 
is therefore 2-9 'lo 4*0. Absolute neutrality the hydriprrt> 5 ^ite^nt 
of the purest vvatcr) is ex'pres?ed by ^he expo.ient 7-07, at 18°, and 
E. Salm“ gives thefollowmg table of concentration of hydrochloric acid 
which have wjnolc rfainber exponents: — ' ^ ^ 

Normality of IICl solution . . i-Js 0-0104 ,o-0Ol ^ 

t . • r ^ O'O / * 

A 0-00 1 norm? I sodium hydroxide* •sOlutio^n has a concentration of 
hydrogen ions of ' * ' .. i 

The older classification of indicators ?s (a) insenii^ive to acids, 
sensitive to alkalis ; (/j) half .sensitive to acids and to alkalis^ (nefttral 
point) ; (r) sensitive to acids, insensitive to alkalis, corresponds roughly 
to the ranges, (f?) o to 6, (/f) 6 to 8,"(0 8 !o 14 respectively. 

' For a general discussion see B. M. Margosches, Z. atigcw, Chtm,^ 190/, 20, t8l, 

Z. Ekktrochem.,\^i^,l^^%if\g*^ ' N 
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Methyl orange. 

This indicator is the sodiutn salt of,/.dimethylaminoazo-benzene 
/.sulphonic acid, S020^^a.C6H4.^f : N.C<5H4.N(C 1^3)3, aad was introduced 
by Lunge.^ It is a widely used indicator of class (a). 

The free acid is red, and if obtainable, is less likely to be adulterated 
with dextrin, etc. 01 per cent, solution in water is convenient for 
general use. Its radge as meiltioned above is from 2-9 to 4 0, the colour 
changing from red through orange tb yellow. The colours arc easily 
visible, ’eAept in tufbid or verj^ dilute solutions, in artificial light ; they 
a>c, howevel^, discharged by oaScent sulphurous acid and by nitrous acid. 

rJlethyl rjd. 

• • 

» Mct 4 iyi rcil hjis come int (5 increas.ed use as an indfcator during the 
last few years. It is /.dimethyla^mincazo-benzene <?.carboxylic acid, 
(CH3)3N . N*: N . COOFL Its range, according to S. P. L. 

Sorensen, is 4-^ to 6-3, tJieftMour changing ^om red to yellow. It is 
recommenced generally* by ,E. Rupp and R. Loose,- who state that 
it can be fised for NJioo sdliTtior^, also -by. R. T. Thomson‘s and by 
• F. Leljrrfhn andA^j. ST i^'Ka^ ar\f:i S. H,*Newlands^ have used 

it for determining hardncj^'y of w*ater, S. Minovici and C. Kollo‘S for 
titrating picric acid. ,It will be sgeti that its range lies between those 
of methyl orange and litmus, father overlapping the latter. The colour 
change, however, is sharper than that of litmus. It -is necessary, as 
with litmus, ^ boil the solution when titrating carbonates. A 0*1 per 
•cent, solution of the indicator in water is used. 

Litmus, 

Lj^r.Kis ft a typical rjeutraP point indicator, still witlely used. It is 
.s*ofd in cubes, mad(fup i^ith (flfalk And ^}g)^un«, containing 4 to 5 per cent, 
of the a(itive colouring'matter, and Van be purified as foll^^vs. The 
cubes*are boiled thrice. wath 85 pt;r*ccnt. alcohpl to remove inert 
colours, and ifre thcn*ex4racte^l with hjot water, tile clear Ikjuid decanted 
and 5^nc(?nt rated. ^ Thc^cxccssf^®f j)otassiuiTj carbonate presont is 
neutr^sffd wkh^acetic’aci^l, anjl ^xwaporation continued to a syrupy 
stc^e. Tfie residue* i% covered wjU^^ 90 per *ccnt. alcolfbl, the solution 
filtered, and*tbe precipitate cli^olved in watef toj'give tf^ litmus 
soluy«n. • Tffis procedure,* how(?ver, mlrely adds to the cost of a 
relatively*expensiv€ and not*very useful* indicator. The solution, also, 

• • • • • * 

^ CAem. IniL, i88r, 4, 348 ; Bn., 1^78, ll, 1944. = Ber., 1908, 41, 3905. 

5 .^««/j^/fI9I4P39, 518. • I • • ^ Pharm., IQI?! 255 , 

® J, Soc. Chem. /W.,^916, 35, ^5. • ” Aiad. Sci. Roumame, 1914-15, 3-61, 
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• (I 

V* ^ 

does not keep in absence of air, and a •trace of phenol is a desirable 
addition. Litmus has a wide range ($-0 to 8-o) and the change in colour 
from red to blue is perceptibly gradual, even on ‘addition of strong 
acids. The coloprs are not so easSy seen in artificial light as in 
daylight. 

, Phenplphthalein. 

Phenolphthalein is a triphenylmethane deri'Tative, being the 
anhydride of dihydroxj^-triphenyl-carbinol-carboxylic acid, and has 
the structural formula — 


It was introduced as an indicator. Luck.^ It is used in o-i — i-o 
per cent, solution in 50 to 90 per cent, akohol. * Its range is 8-3 ’’ 
to 10*0, with an easily ^.visible colour chVngc from colourless (acid) 
to pink (alkaline). The reverse change is* less conspicuous, while 
excess of concentrated alkali discharges* the re^ colour frreversibly. 

It is a typical indicator of /he ‘thif^'Crass (c),eand fsMnost ^useful in * 
titrating weak acids with strong, carbonat$/ree alkalis. Recently, the 
phenol sulphophthaJeins and phen^h ietrqchloropJithalcins 1la^^e’ been 
suggested as superior substitutes for phcnol|:fi;ttialein by S. F. Acree'-^ 
and co-workers.’ ^ 

For details of the many other indicators which have lioen suggcste/i 
and used, reference must be made to the monographs quoted above.* 
G, S. Walpole^ has summarised the data for some recent indientors.’ 
Of these, 2.^-dinityohydroqninone may be mentioned * as ^an indicator 
with several change pointy viz. : ' * , ^ 

» * * *1 !■ 

/H. ^ 2 4 ^ ^ r ft ' ^ ^ • 

Colour . ^ . Gieen • Orange Orange B*3Avn Re^ Purple 

rr. yellof. yellow' * red purple ^ 

Mixed Indicators' often give more ^conspicuous or^morc useful 
colour changes than sjngle substances. 'I hus^ a mixKire of pd^itro- 
phenol (range 5 to 7) and phenolph,{l^lein ^hanges from colourless to 
yellow and then to red oi> addition of alkali. The' intermediate colour 
is a warning th^t the neutrali.satioa approaches completion. M. E. 
Scholtz^ has suggested a nu<n^>cr oP mixthres of indicafors*whkh are 
useful in practice. ' ' ^ < / * 

/I * ' 

^ Z. anal. Chem.^ 1877 , 16, 3202. '' 

2 /. Amtr. Chem. ^oi.^ 1916, '38^ 2^72 ; 1918, 40, 1940 ; 1919, 4141031*^ 

^ Biochem. 1914, 8, 628....#, ‘ ^ Z. plekh 1904, 10, 549. 
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The Application of Indicators. 

The application of indicators to apidimctry and alkalimetry is 
dependent on the variations in nydrion concentratioas round about the 
neutral point. These changes are best shown by a curve in which 
— log [hydrion concentration] is plotted against the actual concentrations 
of acid and alkali. Such ncutrahsa^on curves are available for the 
commoner acids arid ‘ alkalis; and they can be constructed either by 
calculation from the usual ionisation formulae or determined experi- 
mentally* by meas«rement the KM.F. -set up between the acid 



Fio. 19.— Nfiitrallsation cwvcs in (ijOOri normal concentration. 


solution at a!»hydrogcn tlcctrf)de and^a standard solution* and electrode. 
A1'(5^uch cur^'cs fyr 0'0(^5 nornT^VsoJutions ary given diagrammjrtically 

« When'a strong mcynobasic acid, hydrochloric acid, is neiitralisea 
by a strong^bAsc, the hydrioij, concentration is* bujr' slightl>i changed 
untiJ«.9o -per*ccnt. ^jf the neces.s?iry aK:< 4 li has been added, after which 
it decrcjl^es rapidly, and*fiitally, as the heutral point is approached, 
passes* through many f owej*s of tei> on addition of minute quantities 
of alkali^ TJie reverse change is equaJly sharp, ^nd it Ts clear from the 
curve that any i^dicator.of range lying between 4 and 10 will serve for 
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the titration. Meithyl orange will give a flight error on the acid side, 
but methyl red, litmus,- and phenolphthalein give accurate results pro- 
vided no carbonate (or other^salt of a weak acid) is .present in the 
alkali used. , * • 

Weaker acids like acetic acid suffer a reduction in hydrion concentra- 
tion to 10 '® before the neutral point is approached with any rapidity. 
Hence indicators of ranges belo^ 6 are useless for such titrations (e.g-.y 
methyl orange), for the alkaline’colour appears before neutralisation is 
complete. Thus phenolpfithalein or other fairly high exponent indicator 
is used to titrate weak acids, including mosfcommo» organic afcids, with 
caustic alkalis. ‘ if , 

Conversely, when a weak ^base like ammonia is neutralise'd by 
hydrochloric acid, hydrion conccntrations'‘as high as lO'® a^e obtained 
before the curve bends rapidly^ towards tfie vhrtfcal gcutral portion. 
Here phenolphthalein is useless and methyl red shoflld ’be used, 
for methyl orange is open to thop ‘same objection as^ in the case 
HCl — NaOH, for after neutralisation the cur*/es coincide in the lower 
half. r ‘ '7 . 

Still weaker bases (e.g.y aniline) give curves in which, except when 
acid is first added, the slope if> {^radutil, alid therpd^ no vertical neutral 
portion. The titration of such ‘base>with str 0 ng ac^s requires an 
indicator of carefully selected and restrkted r^ige. Thus aniline has been 
titrated with hydrochloric^ acid, using as indicator d imethy Tarry fioazo- 
benzenc, which changes from red to flesh cokfijrnt io~® concentration 
of hydrion. Very weak acids (e.g.y phenol) give sfmilar indefinite curves. 

A problem which- frequently arises is the titration ^of a base ig 
presence of a weak acid, in other words, the titration of a salt In such* 
cases the hydrion concentration due to the liberated weak acid i»low, ‘ 
so that an indicator of sfnall exponent can be employtcl. Accordingly, 
methyl orange is used fcv*. titrating carbonates, bicarbonates, Silicates, 
borates, arseniteS, and sulphides with Jjtrongf acids to deTernriiy? the 
total alkali therein. • 

The titTration of total «fcid in the salts of weak bases (such aniline, 
toluidine, quinoline, a-nd most alkaloids) can similarly be carried out,'"using 
a high exponent indicafor like ph^nolphtbaleiiif ?br the lil5erated weak 
base cK)es not sufficiently reduce t|ie 4\j?drion goncciTj; ration to*'affcp^ftic 
indicator. * 

The neutrafisation cui*ves of palykasic acids^^xfj similar to those*of 
monobasic acids v^en the acids are s^rpng (compare f4r example the 
curves for sulphuric acid and ^ydrot:hloric acid ift Fig. Htnce 
they can be titrated to compf^te neutralisation by the use of methyl red, 
litmus, etc. Citric acid, again, can be fitrgted %s a tribasic kcld with 
caustic alkalis, using phenolphthalein as. indicator, as it give^ a curve 
similar to that of acetic affi^l. When, however, pl^sphoric acid is 
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* titrated with sodium hydroxide, a*sharp variation in hydrion concentra- 
tion occurs at the stage NaHgPO^, which gives a concentration of lO"*. 
This point can therefore be determined by the use of methyl orange. 
A second rapid variation occurs at iO“^ corresponding to Na^HPO^, so 
that the acid behaves as dibasic when phenolphthalcin (range 8*3 to 
lo-o) is used. The formation of Na^PO^ fs not indicated by an abrupt 
change in hydrion concentration, and,”*as this* point is also far on the 
alkaline side of absolute neutrality, it cannot be accurately found. 

Carbonic acid, as can be seen from Fig. 19, gives an end-point at 
exponent* 8-3 corresponding to formation • of bicarbonate, so that 
pbenolphth^ein can be used* to fix this stage in the neutralisation 
of carbonates with acids. Methyl oraago or tropacolin 00 give an end- 
point correspondtng to liberatk>n of all tile carbon dioxide present. 

This end-pojnt, ih a 1 :tual practice, more acid than shown on the 
•curve, jfs the* presence of podium chloride increases the acidity of 
the carbonic a^id. The successive; nisc of phenolphthalcin and methyl 
^orange in the same solution is employed to estimate mixtures of alkali 
carbonates witk hydroxifle pr with bicarbonat-P. 

Naturally, if the sorution is boiled when carbonates are being 
titrated, so that tlip* ^veak *carbohic aci'd is removed, the hydrion 
•concentrations ^e tho<;c of tfic\Ycutfalis#ition of- a base by a strong 
acid, and consequently lirtius or phenolphthalcin may be used to 
deternfii^e fhe end-peint. It is desirable, however, to complete the 
titration in the cold, evs J?liangcs in temperature affect both the range 
of the indicator and file ion concentration due to Any given acid 
solution. Th? errors due to this effect and other ionic considerations 
have been worked out by Bjerrum.^ 

Tke effect of neutral salts on the colour changes of indicators is 
varied, and ig casffs of doubt the final colour should be matched against 
a soluticfli of the salts formed (or otherwise.»f>rescnt) which has been 
. tin^^ejjj with^the indicatcr, and’ju.st brought to the ehd-point colour. 
C^ongo red (rjnge 3 to^) is so notably »ffecttd by salts lhat its general 
uscfulne.‘^'*is impaired. Alcohol apd oflier organic liquids proctuce more 
^profoiffid changes in many indicators, .and matching of the final colour 
is imperativeVhen titrating afcoholic solutions. A well-known applica- 
tioi! S^hf? effett^ is jn tgtr^ting (^cid, whci> addition of glyceVol or 
mannitol^onv^rts the neutral isati^#fi curve of this weak acid into one^ 
sinTilar to those of sfroiig acids, thjLiS4)ermittifig accurate titration with 
alkali hydroxid^ and pheno^htbaplein. X * 

tif)ubTe of pfeparin^ comjihrisoii . dilutions on each occasion (for 

• the coloufs change *if the solutions are kepj^^can be avoided by the use 
of colo&rftd liquids maile fjorfl inoi^anic salts, as recommended by 
J. W. McdBair^“ 

’ Loc. cit. Chem, Soc., 1912 , lOI, 814 . 
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Turbid or cohured solutions can al'so often be titrated by the method 
of matching'; or monochromatic light, or a pocket spectroscope as 
recommended by A. Tingle, Vis useful for observing the colour change 
of the indicator in these solutions. J. Houben'^ uses a trace of ferrous 
salt in presence of hydrogen sulphide, which gives a black colour when 
free alkali is present. 

Test Papeis. 

Test papers are made by immersing previously washed and dried 
filter paper (or note paper) in a solutiq-’i of the indicator^ coloured by 
very dilute acid or alkali as may be required. The paper is then dried 
in a neutral atmosphere,' With Occasional changes in position to dis- 
tribute the colour. Such papers are useful testing gases for acidity 
or alkalinity, or as a means of' using the ’ndicator externally, when for, 
some reason it cannot be added to the solution ili the usual way. 
When only a qualitative test for acidity or alkalinity is required, papers^ 
made from indicators of ranges round about seven will obviously be 
most sensitive. Hence litmus pape** is widely used. Laemoid is used 
for much the same purposes, but the yed paper is more /sensitive to 
alkalis (range 4 to 7). Dichromates are a.cid, norrhul chromates alkaline, 
to laemoid. Methyl orange 'jjaper call be used' to detect strong acids 
in presence of weak, but congo red is pnefdVTed, for this purpose' owing 
to the more striking colour change from led ^to dark blue on ‘Addition 
of acids. Turmeric (yellow) turns brown vvHh alkalis (free or as 
carbonates) or with alkaline earths, but is most used for testing for 
boric acid and uranium salts. » . 

All test papers must be kept in air-tight receptacles, as the vapours 
in the air of an ordinary laboratory rapidly render them useless. ' 

Efectrometric Titration. • • ' ' 

The titration of acid and aJkalinO liqhMs co,nsists in the'addition of 
one to the other until a certain 'concentration of hydrion ij attained. 
Indicators provide Qiie means of fijiding whcvi the required conceiftration 
is reached, but in sofne cases a direct mieai^'iVemcnt of the hydrion 
concentration is desiral^lc. ^ < 7 %' c •• * '' ^ * 

The usual method is to compare the^ potentiaf difference at a 
"hydrogen electrode immersed in ^fh^ .solution^ vy Inch is being titrated, 
with that at a stt^dafd calomel-potassium chlorid^) electrode, the 
two solutions being connccUcUby a\ubc fi*iled with potassium cklpride 
solution. The neutralisation curves of ‘many acids and b'^ises have . 
been worked out in this Way by -W. Bottger'^^rnd J. H. HSdebrand,^ 

* J, Amer, Chem. Soc.^ 1918, 40, 87*3. ^ ^ ^ - AVr., 1919, 52 [R], *613. ^ 

^ Z, physik. Chem.^ 1897, 24, 253. * J. Avier. Chemt^Soc.y 1913, 35, 847. 
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• who give details of tKe apparatus. , An electrode particularly suited to 
technical work is described by H. J. S, Sand.^ 

The electrometfic method is most commonly employed in cases 
where indicators cannot be used. In determinations of the acidity 
or alkalinity of physiological solutions the presence of proteins inter- 
feres with the reliability of most indicators. G. S.. Walpole- has 
applied the electrometric method for this purf^osc ; and H. J. S. Sand, 
J. T. Wood, and D. J.-Law^ have used* it for determining the acidity 
of tan liquors, which are too highly coloured to admit of the use 
of indicators. Oth^r applications have recently been described by 

Pinkhoffli G. A^. Freak,'; H. S. Roberts,*^ W. D. Treadwell and 
L. Weiss, ^ I. M. Kolthoff,^ and W. Hendrixson,^ with apparatus 
adapted to the Various purjjoscs. 

For the usepf m'casbrements of clc’dtrical conductivity in analytical 
•operatiftns* sc^ jip. 223-227.^ 

Solutions 

I\ largeViuniber of stfniflqrd solutions are used in technical analysis ; 
those einpR)yecl only (or spedal purposes are treated of in the sections 
, in which* their^1lp[)fic;itions ifrc^Aliscn^scd, the present section being 
restricted to a description of* the standard solutions in general use, and 

* whichWc employed yiV^arious^briUKhes of technical work. 

General considerations.— A normal- solution of a substance may 
be defined as a solution which contains one gram-equivalent of the 
substance pe% litre of solution. Such concentration is shown by the 
•a^bbreviation .Vor iV/i, and, similarly, A^/2, yV/5, A710, indicate solutions 
•of and the normal concentration respectively. 

The equival<*iU of an acid is the weight which contains one gram 
of dffiplaceaBle hydrogen, so tha\ the equivalents of monobasic acids 
are the ^Tinfe as their molecular weights in grams HCl, 36-47; 
MN(^5, 63-t)2). T^e eyuivaWit (Jf a dil^asic acid, such as sulphuric acid, 
is half the g^m-molecuk\r weight ; ifi*that case, therefore, 49-04 grams. 
The wL|uivalenls of alkays#may l 3 e declined as the^weights required to 
"neutralise tl^ equiv^l^^t of* strong acid. So Vhat the"* equivalent of 
so 4 i*n hj^dro^ide is one mole, /.ff,^40-oi ; whereas the equivalent of the 
di-acK^ llasc jDafium fiySroxide fialf the gram-molecular weight, 

85.69 grams. . 

From thd?ctdcfinitions it is clear that one litPe of-normaLacid will 

• • * * 

^ r/wn. hid., I, 30, 8^2. • ^ ^ 

- Bioche/h^f., 1913, 4, 418. * J, Soc. L%e}>i, hid, 1911, 30, 3, 872. 

^ P/i(! 4 tn^ Weekhltui, 1919, 5^, I2l8, i^hem. \\eekhlail, 1*919, 16, II63, 1 168. 

durn. Soc., 1919, 115, 55. • 'V* Amer. Chem, Soc., I9I9„4X, I 337 » 1358 . 

Ilelv. €hwi.9thla, 1919, 2, 680. • ® 7 rav. Chimt^ 1921, 40, 533. 

"y. Amer, Chem, igil, 43, 141 858, 1309. *i* 
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exactly neutralise a litre of any norn?al alkali, or, more generally, equal ^ 
volumes of such solutions will react exactly with each other. This 
conclusion indicates the great utility of normal (or NI2, TV/S, etc.) 
solutions, for the same standard acid dr alkali can be used for a variety 
of purposes with the minimum of calculation. 

In general, the solution v^hich contains one gram-equivalent of the 
active portion of a substance per litre is taken as the normal solution. 
Oxidising agents (for example, potassium permanganate) are made up 
to contain the equivalent (8 grams) of available oxygen per litre ; 
accordingly a tenth normal solution of this’salt will contain ^ri 6 i grams 
per litre since the gram molecular weight (156 03^ yields'^qo grams^of 
oxygen for oxidising plirpos^s. Similarly a A^jio solution of potassium 
dichromate contains 4-903 giams per htre, as one mole of the salt 
(294-2 grams) gives 48 grams available oxygen.^ • 

Normal solutions arc particularly uscfi/ 1 , as indicated <abo»vc^ when a# 
number of different determinations are fo be made, using the same 
standard solution. When, however, it is required to determine frequently 
the strength of a single commercial produlfjdt is better to make u|^the 
standard solution to correspond with a simple weight of tlie substance 
to be determined, say i, 5, or 10 g:"amh‘'per litre. Thus absolution of 
silver nitrate which *s to be used ’c^tifely for the '^''^termi'li^tion of< 
sodium chloride should be made up to; contain 2-907 grams silver 
nitrate per litre, so that each c.c. corresponds to c 3 -ooi g. sodium chloride. 

A normal solution has no'advahtages in ^uch eases. 

Sometimes, again, the quantities required for a standard solution are 
merely empirical. Thus, in the valuation of tanning t'materials b^ 
Lowenthal’s method, it is necessary to standardise the permanganate 
against an actual tannin under conditions similar to those under jvhich- 
the determinations are to take place. 

In only a few cases, can the standard solution be made by the 
simple process of weighing out the requisite quantity of the 'substance 
concerned, and'aftcr dissoWing^tJ dil6tin^H.hc solution to the requited 
volume. '-It is usually ‘ necessSfy to ‘make 'first an ^approximate 
solution and then to standardftic it )jy of substances of 'Imown 

purity. 

STANDAiviri 

V. 

V ^ 

Withe the exocpti6n of oxalic acid and a lew othei^ dcids, it is not 
possible to take even an apprvj^mat^y exabt weight of^anhyclrov,^acid 
for the purpose of making a Sta'ndard solutxoil It is.thcreforc .necessary 
to dilute the pure concenftated acids J:o ^app«)ximately the. required 
strength, a final adjustment of^tl^i volume being made after standardisa- 
tion. The normality *of orc^qarf concentrated acid^ is .shown in the . 
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following table, together with, the volume required to make a litre of 
approximately normal solution : — . ‘ . 


Acid. • 

• 

Sp Or. 

Normality. , 

c.c. to be diluted 
to 1000. 

Acetic And .... 

1*058 

17*3 iV. 

• 57‘5 

Hydrochloric Acid 

1*1G • 

lt)*0A^. 

100*0 

Nitric Acid . • . 

1 *42 

16*0 iV. 

63*5 

Sulphuric Acid ! ' . 

• 1-854 * 

3^*0 N. 

27*0 


, Of thes% acids, •hycfrochloifc acid is the must useful in volumetric 
analysis. It is preferable* to sulpjiu^iiq acief owing to its wider 
applicability, as, •for example/, in titratitm of the alkaline earths. It 
has a greater avidity flfb cold, and^Jjeing monobasic, no complica- 

• tions arise Ikut^ hydrolysiS of acid salts. Its coifcentration, also, 

can be accurately controlled j»ravimetrically by precipitation with 
silver nitrate. * • ^ 

jdydrochloiic acid ,ca^f*also be used jn place of nitric acid, 
except for* the estimatfbn pf chlorides in an alkaline solution (for 
example, ?rude cain^itic soda^ wkh silver nitrate, using potassium 

• chromatefas inrffcator^in thi.*? a?i*ay[iount standard nitric acid 
just sufficient to neutralise 4l5c alkali is added, this amount having been 
found ir^m ft previous^if ration with Itydrochloric acid. For this purpose, 
however, a standard isycj*nitric acid is hot really necessary, for, if an 
excess of acid has beci? added, it can be neutralised by. a .slight excess 
of sodium h'^droxidc or sodium carbonate, without disturbing the 
Subsequent titration with silver nitrate. 

IVfany different substances have been suggested as a b(xsis or 
standard for aciclknctry and alkalimetry^ of which the following are the 
mo.st*igiportant * ^ 

Sjdinm ^rbonate takgs precedence of all the others, •both on account 
ot^ts extensive u?e a^d of*fls aJttual pieril It can Ik 2 prepared and 
weighed gut absolutely pure ancl free*f7om watfcr with the greatest ease, 
and cjfli \)c very accurately«titratecl wjth hydrochloric acid and methyl 
orange, and, with proper r)recawtions, \Wth litmus dr with plicnolphthalein. 

“ Cti^jjiicahy pifre .sqdiujn^carbonftU,” ^ree from^ny appreciable amount 
of chlorifle, c»n *be obtaii^ed coq^mercially ; it can also be readily 
pr^ared from sodium, hicarbonatp v^hich ha.s#been freed from chloride* 
and sulphate,*if^resent, by washing with small anlbunjs of colcl,distilIed 
watej> Tiiie fodium carbodatc nfust Up ^uite free from sodium oxide 
. as weir as, from water. * • * • 

If pure commercial cBodiumccarboaate is*‘used as a standard, it must 
dissolve [n w|Ltcr to a perfectly clear ^o^ution, give no •turbidity with 
silver nitrate aftjr neutralisation with q^ic aci5, and no reaction for 
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sulphates, after excess of hydrochjoric acid has been added. In 
applying these tests a sufficient amount must be dissolved, say 2 to 3 g., 
and the solution sufficiently diluted, in order to avoid precipitation of 
barium chloride. ^ A very slight opaledcence with silver nitrate is often 
noticed, but it is easy to judge if an amount of chloride sufficient for 
quantitative estimation is pr<?sent. If the sodium carbonate is pure, it 
is dried by heating in a platinum crucible, preferably in a sand bath to 
270° to 300", with continual stirring, until the weight is constant ; half 
an hour is sufficient for 4 his purpose, exclusive of the time required 
to attain the tcmperaturq. The sand is packed rpund the ©iitside of 
the crucible to the same height as the s()dium barbbnate i^iside, and^a 
thermometer is placed *"0.0 itc; (jloj^e to, or even in, the crucible. ‘ This 
method is quite as convenient as heating Avilh* the naked flame. 

Sodium bicarbonate can b^^^-obtained bdmhiei'cially of a sufficient 
degree of purity for the preparation of fhe carbonate jp it "should be • 
tested, as above, for the presence ofrinsoluhlc impurities, chlorides, and 
sulphates, of which the two latter can be removed by wasfiing, owing to 
the slight solubility of the bicarbonate.^ ‘The second, equivalent of 
carbon dioxide and the water can , then be driven off by^'hcating in 
a platinum crucible, as described ffir sd'dlum carbonate. IL'unge^ has 
shown that the bicarbonate if cofnplb^yl^ converted iiflv the Carbonate < 
by heating, for a few minutes, at 260'' to 2//^ ; if heated for from a half 
to one hour in a sand bath or in'" an air bath ?t a tem|j^rat,m'e not 
over 300'’, the carbonate can be relied on as behjg,free from bicarbonate, 
water, and sodium oxide. * 

Although sufficiently pure bicarbonate can readil}/‘bc obtained 
commercially, yet it may at times be necessary to purify an impure 
product, so as to obtain a pure substance for standardising pur{?oses.’ 
Reinitzer- gives the following method of purification.' About 250 c.c. 
of distilled water is heated to ISC'" iiTa tall beaker (preferably ph’Jcna 
glass) and the bicarbonate added, in small qujintities at a\ime, tjll the 
solution is saturated, the liquid, beinp. cofilinuaVy sfirrcd ; during 
process, part of the carboii dioxidb-is evolved, wKh effervescency'. When 
nothing further dissplvcs, the solution' is filtut'c^l through a plcatetl filter 
paper, preferably in a hot-water funnel, into a,dask and tooled to 10^. 
The crystals which seppatc are^ filtered by suction in ‘a fiiunel^tlcd 
with a platinum cone only, and a¥<^ washed several limes \v^jtn small 
^quantities of cV)ld water,, which is^completely r,fqnovcd by suction af..cr 
each add^ition. Tihe sfalt is then dried thoroughly, grorincl, and mixed, 
and the small quantities to iicviempbyed hi standardisihg a»'e ligated 
as required in a sand bath to a tempcMtilre not «exccedii]g 300°, as . 
above. ^ 

The possibility of prepafiijg sodium carbonate quite free from 

^ Z Chm,, 1897, 10^^22/ * ,2 ^894, 7 , SSI- 
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Irnoistiire and from sodium hydroxide has, from time to time, been 
Questioned by various investigators.^ Lunge 2. has, however, shown 
that the product obtained by the method of ignition given above is 
' quite free from moisture, and th^t the quantity of S9dium hydroxide 
formed is negligible for all ordinary analytical work ; in a special 
experiment to test this point, he found •only 0*004 ppr cent, of the 
hydroxide in a sample of carbonate dried at 2^" to 300°. 

For standardisfhg or cont^-olling the strength of a normal acid, 
the corresponding quantities of sodium carbonate lAust always be 
weighed •ut separately; the plan of preparing a normal sodium 
carbonate s^ution tonllhining Jay 53 g. to the litre and withdrawing 
aliquot portions for the different estii^jatiops, i^^unsatisfactory. Errors 
in' measuring, in* the emptyir^g of pipettes, etc., cannot be avoided, 
even when standardised a|fparatus is^fmployed, and the inaccuracy 
•arising from these causes is much greater than errors of weighing. 

Sorensen^ has rccommenSed thelise of sodium oxalate as the basis 
•for alkalimetry instead of sodium carbonate; it has the advantage 
of lacing applicable also*^^^ a standard f(^ oxidation methods of 
volumetric ^analysis. The* salt can readily be obtained free from 
water of ci^stallisatioiii,^and Is^ not* hygroscopic. As prepared accord- 
• ing to, Ifis dii>?.?tions„ by KfllJjS^uiif, *by precipitation with alcohol 
and drying at 240', it may^be employed for standardising purposes, 
either ‘iljrec^ly or aftcvr*a few houfs* heating in the steam oven. An 
accurately weighed quanrtty of the salt is carefully heated, for a quarter 
to half an hour, in a covered platinum crucible, over a small gas flame, 
suppoited in \ hole in an asbestos card, so as to avoid contamination 
by sul])hur compounds from combustion, or over a spirit lamp,^ until 
the s§dium carbematc formed just begins to fuse ; towards the end of 
the operation the* lid is moved aside so as to*cover about one-half of 
the crticiblc, to promote the compfete combustion of the carbon formed. 
^ ‘‘lodium carj^onate, containing a little sodium hydroxide, 

ii? thus forfned, wlTich not*wci{;hed, jjut transferred along with the 
crucible t^ a tall beakef, moisfened tvTith water, treated with ■wi excess 
of the«eicid to be standai'dised and wafrined on tl^c water bath; the 
solution is thmn pourc'd^^ito a,conical flask, the CVuciblc and cover and 
the*bJ?akefTins«d out, tenj:Irops c^f * s*olution of^phenolphthalein added 
and boflad till tfie carfion^dioxid^4s completely expelled, in a current 
oftiir freed from carbp® dioxide„co,pled in oold water, *knd the excess* 

^ C. Higgins, f, Soc. Chem. Ind^ 1900, •958 ; Sorensen and Andersen, Z, anal, 

Chem., 1905, 4^, 156; B. JSorth and W*. Blakey, y. Soc. Vhem, Ind., 1905, 24, 396; Sebelien, 
J905, 29, 638. ^ ^ ^ 

2 Z. angew. Chem., 1904, 17, 231 ; ^905, 18, 1520. 

^ Z anak Cher%, 1897, 36, 639 ; 1903^42. 333 ; 44, 156.. 

^ C/. Lunge, Z, angew. Chem., J905, 18,41520. • -- 
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of*acid titrated back with Njio sodium hydroxide. The equivalent*' 

of sodium oxalate is -~-^=6y-oo$, so that lo q.c. of an A^/io acid 

correspond to 0-067005 g. of Imodium oScalate ; of o-i g. of the salt = 14*92 
c.c. of an A^/io acid. In a subsequent paper, ^ Sorensen gives accurate 
directions for the examination of commercial “pure” sodium oxalate, 
for impurities. • • 

Sorensen’s investigations were carded out with great care, and 
they show that* very go0d results are obtainable with sodium oxalate, 
as a basis for alkalimetry; but the cxamination^of the substance as 
regards absolute purity is more troublesome And •tediou^ than in the 
case of sodium carbolt'^te, ai:^I this is true of the whole process, even 
if the titration is not carried out wffh phenolphtJialein in boiling 
solution as above, which is qiKte unnecessary^ but with methyl orange 
in the cold.“ There is, therefore, no reasbn for giving ^di4in>oxalata 
the preference over sodium carbopate, b*ut it can- l^c advantageously 
used as a control in doubtful cases. , • * 

To prepare an Nji hydrochloric acid sohitipn, pure hydrochloric acid 
is diluted as shown in the table given above (p. 47), or to a specific 
gravity of about 1-020, so as to obtaiix' a preliminary acifi somewhat 
over the normal strength (sb-4/ g.'HCl per litre). TJiis acfdp's then, 
titrated against a freshly ignited sample (^.r2-5 g.) of sodium carbonate. 

^ ' w ^ , t ** ' 

Since w grams of carbonate require ^ normal Solution, 

the actual volume of the prepared acid, say x c.c., will be smaller 

than this; the acid must therefore be diluted by taking e.c. a»(j 

diluting to a litre. ^ 

The diluted acid i.*? then titrated against new ‘samples of freshly 
ignited sodium carbonate as a chefck. A further control, by Kieter- 
mining the proportion of chlorine by silver nitrate, is aUo Vtry desir- 
able; 10 c.c. of the acid (~o-3647 g. HCljJ^jhould givC 1-43^4 g. fig.CK 
All normal solutions- should'be prepared at 15^, ancT a ^correction 
must be applied as detailed on p. 3 3, 'if they a^e subsequently employed 
at a tcmperai’ure diffeking by more than or 2^^ from ^ 

Of’other substances which have been suggested for the stand ai^jLing 
of normal acids and alkalis, the following are ’the rnosf importtlht,''^ 
Grandeau,^ and subsequently Pincus^ and Fresenius,*’ suggested i the 

^ Z. anul. Chem.^ i'vo3, 42, 512. 'r^.Lunge, Z an^eio. 1905, 18, 1520. 

^ Many of the following referenced ar. takert from a paper by Vanino and Siitteji^jZ anal, 
Chm.y 1902, 41, 141, which contains^ fairly complete .umbiary of t,he literature* on*volunietric 
solutions and substances used in standardising them. CJ. also B. North and W. Blajeey,/ Soc, * 
Chem. Ind.^ 1905, 24, 396. 

^ Z. anal Ghent., 1863, 2,^426. Uni., 1863, 2, 426. 

® Quanlttahve Analysis^ 7th edition, vol. 3 ., p. 194. 



standard acids 


51 


* use of calcspar (Iceland* spar); which they regard as. chemically pure 
calcium carbonate, but this is not always the case.- Thiele and Richter ^ 
found deviations.of 0 2 per cent, from the true value, with this substance. 
Hartley^ and Neitze4^ have niade use of metallic sjximin. 

Borax is recommencTed by Salzer,^ Rimbach and Worms, ^ Rich- 
mond,® Buchanan,^ and Perman and John.^ 

Ammoniunt chloride has been suggested *by Reinitzcr,® and by 
Seyda and Weinig,^®*and amnivniiun sulphate by Knublauch.^i 
An iodonietric method^ based on the reaction^: — 

5K/+ KlOy + 6HCI - 61 + 311,6 + 6KC], 

• • • • 

is described by Mohr, KjehdahV^^ ' FesscU^ v. Than 

proposed potassii^m bi-iodatCy v^Lhich is alst) recommended by Mcincke.^® 
Riegler^^ has suggeAec^ pui*c iodic aeief^ All the iodometric methods 
»for pre^wring iiormal^ acids and alkalis are indirect, and* the sum of the 
small unavoidable ■ errors may easily exceed the permissible limit 
The basis of lodi/hetry i^ not more certain than that of acidimetry, 
if pyre sodiuni carbonate-^fs^ used *as the .^tandard, but rather the 
contrary, so that acidimetry, may* j[ustifiably be employed as a basis 
for iodimetfy rather tijan the'ieverae. 

1 he iodomejf.lc mct/iod is re^f^indtulcd by Petersen for determin- 
ng the amount of acid in ccilpurcd plant extracts, roots, beer, etc. 

Mo!^sc imd Chambdi's base a, fticthod of standardisation on the 
lecomposition of neutrffi hyllrogtvi pcro'xidt^ by potassium perman- 
^nate. Another methed, involving measurement of a gas, in which 
)otassium ioc^de, potassium iodatc, sodium hydroxide, and hydrogen 
)eroxide are employed, has been proposed by A. Baumann.-® 

Hj|rt and Croasdale-^ and Kohn ’-- have proposed the electrolysis of 
opper sulphate Ss# a basis for acidimetry. The advantage of this 
)ropcj«al,lies in the fact that it fs dependent only upon the ratio of 
oppej” tt)* sftlphuric acic^. Dauve-® states that good* results cannot 
ift*obfaine5 by tWs n^ethoef,* because if no* free acid Is present, the 
lepositc^ copper docs • not a*dhcre**to the 'electrode and contains 
Liboxi^e of copper, but. no experii^cTits are givgn to support this 

# A • 

^ 13, 486. ^ • Z. anah them., 1873, 12, 89. 

^ /ft,/, y 893, 32, 12^. • . • •* 1893, *32, 449. 

Ibul,^ 1896, 35^338 ; 1897, 3 ^* C/u’ni. ttfws, 1895, 72, 5 * 

V- C/iem. Ind., 190.^, 2^^1093. ^ « Chew. AW, 1895, 71, f96. 

Z.anal. 1^95, 34, 577 ; 1900,39, 4^8. Z, antrew. Chem., l8(^, 5, 204, 

anal, Chem^ r 882 , 21, 165. ^ Jlnd., 1883, 22, 327.* * 

^ 67 /^-/;/., i89o,*3, 353 a^d 385. * r 1899, 23, 67 ; 1904,38,449. 

Annalent\%c^l^ 261, 358. • Chem*Zcii,, 1895, 19, 2. 

Z.anai. Q / iaJi ., 1896,35, 308*1899,38,^50. « /W.,'1^3, 42, 308. 

'' 1898, 37, 183. • "« /hid., 1892, 31, 450. • 

“ J. anal, Cherny 1890, 4, 424 ; 1892, 6, *421. P. ^oc. Chem. hid,, 1 900, 19 , 962. 

J. Pharm. Chem,, 1902, 16 [2}, 65. • ^ 
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conclusion. Meade ^ has described Ihe preparation of standard 

sulphuric acid, and indirectly of standard hydrochloric and nitric acids, 
by the electrolysis of copper ^sulphate^ 

North and Blakey^ recommend sodium bjfcarbonate for fixing the 
strength of standard acids, but according to Lunge ^ it is not reliable. 

Normal hydrochloric acid can of course be prepared and checked 
gravimetrically, by precipitation with silver nitrate.^ Lunge finds that 
with careful working, ^the results by this methbd agree with those 
obtained by the use of sodium carbonate to within 0-05 per cent., some- 
times even to within 0 02 per cent ; |\e does^ n^t regard ^hfs gravi- 
metric method as more accurate than standardisation witl/pure sodium 
carbonate. ^ , 

It is much more difiicult to attain thb sajiJic dcj^^red of accuracy with 
normal sulphuric acid by pfecipitation ^^with barium, chloride, owing 
to the. well-known difficulty of obtaining absolutely* pAre* barium* 
sulphate. ' ‘ ^ ^ 

Several authors have recommended ^cvkporating down the acids* 
with ammonia, and weighing the an|monium salt forincll. • 

Moody ^ has suggested the preparation of normal hydrochloric acid, 
by passing hydrochloric acid^gasmto a knowif weight of water, and 
determining the increase In weigtr.-. The method 'has since been* 
studied and improved by Higgins-' vtfy accurate results .can be 
obtained, but somewhat .special apparatus is re(?|uii'ed which io hardly 
suitable for technical work. Loth Roth''‘?.nd Raschig^ have also 
described this* method. The constant boiliilg mixture of hydrogen 
chloride and water originally suggested by Roscoe and Dittmf^r® 
has been recommended by Mulctt and Bonner as a basis for pre- 
paring normal solutions. ^ ' 

A, MarshalP*’ recommends the preparation of normal, sulphuric acid 
on the basis of its spcs^fic gravity. This proposal has bccjTexlended 
to hydrochloric acid by Kiistcr and Siedler,h but the cx'ample^ given , 
show too great dcviatio'ns fiom tlfie^ actual '.strength, ,even in cases 
regardeli by them as correct up to Q-5 per cent., to allow of »khe recom- 
mendation of the method, for accurate work.* dr] a, later communilration,^^ 
Kiister and Munch state that the methbd is Correct to \Hthin ±00001 
of the sp. gr. Tablet of spco'ficLgravities Qf snlpjifiric kei^afnS of 
hydrochloric ^ acid, between the ‘"limits of N/io a.nd* N/i solutions, 

* J, A met', Chem.-^0(.^ 23, 12 und 343. ^ i *' 

2 J, S^oc. Chem. IhS,^ 1905, 24, 396^ p’’ L ang'w, Chtm.^ IQOS)*'!?; ^520. 

Chem, Soc,, 1897, 73, 658. . ** J. Soc. ['hem. 1900, 19, 9 %, 

® Z. angew. Chem.^ 1904, 17, 710^^ /. Soc. Chem. /;/«’!, 1904, 23, 8 S 7 » < * 

Z. angew. Chem.^ 1904, 17 ) 57?. • ®y. Chem. Si',^ i860, 13, 128. \ 

» /, Atner, Chem. Soc., 1910, 31, 390. /.Soc. Chem.Ind,, 1900, 19,4 ; 1902,21, 1511. 

u Chem. ZeiU, 1902, 26, ^055 ; Ber,, /90S, 38, 15c. • 

12 Btr,^ 1905, 38, 150 ; Z, anorg. 1905, 43, 373 - ’ 

< « • • • 
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* have also been prepared by Worsen and Motion ; ' such tables may 
very well be used for the approximate adjustment of volumetric 
solutions. 

Quincke ^ has proposed a method, depending upon^the measurement 
of oxygen evolved from potassium ferrocyanide and alkaline hydrogen 
peroxide. • 

There are several methods, in which an add substance is taken as 
the basis, by meanff of which an alkaline solution is standardised and the 
latter then employed for standardising a normal acid. 

The. most important of fhe compounds used in this way is oxalic 
aci^d^ the val%i of wlfich,^s a bajis for acidimetry, has been advocated by 
Mohr. It is, however, very difficult ty {yupa^^A^xalic acid quite pure, 
and with the definite proporticVi of vvatci«corrcsponding to the formula 
JThisMifficulf^ is by nef^neans overcome by Hampe’s 
^uggestk)!!*^ t» use t^he extremely hygroscopic anliyd foils acid, which 
sublimes at lOO'", instead of crystalUsed oxalic acid. Of the numerous 
'^methods proposeef for tl'V-' pre[)aration of pure oxalic acid, that of 
C. ^inkier is, most la/gti^ used.^ 500 of commercial oxalic 
acid are dtssolvcd in ati equal weight of boiling hydrochloric acid 
of sp. gr. 1^07, in a {[^(jrcclaifi^asin, the solution placed in ice water 
•and allyw^d to ^»l^stalIi.se, with^cyMiniftif stirring; the finely crystalline 
mass is transferred to a fm^ncl, provided with a plug of glass wool, 

* allovvcci^ to •drain, and Vashed*scvetal times with hydrochloric acid. 
It is then rcdissolvcd Jn*pure* boiling hydrochloric acid, again cooled 
with continual stirring, tiic crystals filtered off, washed with a little water 
and recrystall^ed by dissolving in just the requisite amount of boiling 
Water. The finely crystalline ma.ss thus obtained is again washed 
and Uie whole treatment is repeated two or three times. The final 
product is left to Ary in a cool place, the drying mciterial being repeatedly 
changT}d.# Tlius prepared, it is free from chloyne and mineral matter, 
but still *c?)nfains enclosc^d liquid, and must therefore* be dehydrated 

* b&(T)re*usc.* This i^ be^t effc^ed Jby dr>iing Cor five to si^ hours at Go'", 
as oxalic acief volatilises to a cohsidcraMe extent at loo'. Theory acid 
having«tnc formula n.,CP|, must na|uTally be kejit in tightly closed 
*bottles; wherbit is to employed for standardising purposes, about 

vv^'ghe^ out into each of^«cveral weighing tubes, agaih>Jried 
for seve^fi houirs St 60 " lo 80°, allojycd to cool in the closed tubes, and 
thefi accurately weigke^., . ^ • * 

To carry out* the method, a ngj-mal alkali is fifst skandardi.«ied with 
the o^li(>aci(f and then us^d for fidjusUn^ the strength of the normal 
.acid; tKe ipethod is, theref?)r<s, indirect, afich accordingly liable to small 
unavoidnUe errors whkh do, not arise* "in direct standardisation. 


^ /. Soc, Shem, ind.^ 1905, 24, 178. • “ Z. afMl.*Chem., 1892, 31, I. 

® Chem, Zeit.^ 1883, 7, 73 and 106. • ^ der Massanalyse, 3rd edition, p. 6q. 
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G. Bruhns^ states that the most ac<yirate method of using oxalic acid * 
as a basis for alkalimetry is to titrate its solution with alkali until it is 
nearly neutralised, then to add sufficient calcium chloride to precipitate 
the whole of the^ oxalic aci J and to 'completa the titration after the 
addition of methyl orange. 

Potass mm tciroxalatc is' regarded by many as a more reliable 
basis for alkalimetry. ‘ The' crystallised salt has the formula 
KHC2O4.H2C2O4.2H2O ; its employment was 'fibt suggested by 
Kraut,- and subsequently recommended by Ulbricht and Mcissl,® and 
by Meineke,'^ whilst Weljs,*** Hinmann,^^ arid Dupr^ and Kupffor ^ have 
criticised its value adversely. The Jtetroxalate has ^been again 
strongly recommendecf ^y J[. cWagner,® who frees it from moisture by 
pressing between blotting paper, insteacTof by standing over sulphuric 
acid, as recommended by Meii^ke, and emfifoyS it*in the air-dried state. 
The tetroxalatd is used for standardismg barjurn hydrcxide with 
phenolphthalcin as indicator, and.tiie strength af*the normal acid 
adjusted from the hydroxide.^ The same n^thod is recommended by 
Kuhling.io Lunge staters that, as the resiflf Of a large nu^nber of experi- 
ments, he has not succeeded in obtaining .potassium tetroxcilate with a 
constant proportion of water *correspond1ih^ to thfi formula ^iven above. 

F. W. Babington and A. Tingle’^- ha':e lised tar/aric ^t.d adds 

as basic substances for standardismg bii'dum hydroxide with good 
results. ^ \ ' 

Objection must be made on principle to standardisation with oxalic 
acid, potassiumctetroxalate and all other substances, such as potassium 
bi-iodatc and cream of tartar, with which phenolphthaLin is used as 
indicator, when the normal solutions are subsequently u.sed with methyl 
orange. 

Potassium bidodatc has been recommended as a basis for the direct 
adjustment of normal so^^jum carbonate by Mcineke and by E. Crato,^^ 
and potassium hydrogen tartrate has been recommended as h standard 
by Borntrager;’-''^ ^ ^ ^ ' ' 

Normal oxalic acid is still used by some chemists, and i^ required 
for a few purposes, ^uch as the examination of Weldon mud. ’ibeannot 
be employed with methyl orange^ as indicator, ^and even hr the estima-' 

> /. prakt. CJiem., 1916 (ij.)) 93, 73, 3124; /. 'Sr. Chem. h </., 1916, 35 908 ; *45. 

2 Annalen^ 1863, 126, 629. » ^ Z. qna}. Chem.y 18871 26, 35b. 

C/i/'m. Zeit , I095, 19, 2. ® * 

« Z anal Chem.^ 1^93, 3c, 453. Z angewl Chem.^ iqo2V 15, 352. 

** Proc '. ^th Internal onal Congiess for Applied Chei.itstry^ 1903. v ^ 

” J. Wagner, private communication. • ' * 

Z angew. Chem.^ 1903, 16, 103d ; t hem, ZeiL, igoi,, 28, 596 and»6l2. 

Z. angew. Chem.y 1904, 17, 227-, 'Chem. Zeit.y 1904, 28, 70J^. 

/. Soc. Chem. Ind.y 1917, 36, 1203. 

13 Chem. Zett.y 1895, 19, 2-. ' < if Massanalytische Ta/el.i. • 

16 Chem. Zeit.y 1881, $, 519 ; Z ana^.^ghe'in.y i88(f, 25, 333^; 1892, 31, 56 ; 1894, 33. 713. 
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TflE STRENGTH OF NORMAL ACIDS 

• 

*tion of the hydroxides of^ the alkaiine earths, in the presence of their 
carbonates, it can be completely replaced by hydrochloric acid.^ 

It is prepared* by dissolving 6;^-03 g. of, chemically pure crystallised 
oxalic acid in one litre fdf the normal acid, and correspondingly smaller 
amounts for the weaker acids; since th^ preparation of absolutely 
pure and dry oxalic acid, according to^ the mpthod detailed on p. 53, 
is so troublesome, pormal oxalic acid for use should be prepared of 
approximate strength* from the* ordinary “ pure’/ acid, and the strength 
determined by titration with accurate normal alkali. 

The \nSre conceijtrat;pd soli^ions, including the N/i acid, are fairly 
stable ; if st^ilised, they can be kept in the ydark for some years 
without alteration in strengt^i. Very diibte^' solutions such as the 
N/ioo acid, used m water ‘^gafysis for Jlie determination of “organic 
matter,” keep or>ly for a very, short time,* and must be. prepared fresh 
?»n each bcclisidn. %The strength can, of course, readily be determined, 
at any time, by 1;itration with sb^lium hydroxide, using litmus or 
^henolphthalein as indicatbr in order to obtain accurate results, the 
solutwn should* be boiled^ with a flight cxce.fs of sodium hydroxide, 
cooled quickly, and titrated b^k in* the cold, in order to avoid error 
owing to the presence df.sodiuiy Ct^i;bonate in the hydroxide. 

The; Strength of ^^ormal Acids. 

In works, Nji acid is used for controlling working processes and for 
many laboratory purposes; the change of colour of the'indicator with 
ac^d of this sf^ength is very sharp under all circumstances. Its use 
necessitates taking a correspondingly larger amount of substance for 
analysts, and in j3ractice, a sufficient degree of accuracy is attainable, 
with less carelully’calibrated weights and measuring vessels than are 
used lor bther work. It is, however, often i^fccessary ^to work more 
accurately, and there is then the choice of 1, or N acid. These 
are most readyy prepared by dilptton of the normal acid ; the strength 
of the dil^ed acid must*always cficcked as directed on p.*50, for 
^hich purpose i-ooo to^-^5i[)^. ofsodiura carbonate^ is ^eigh^d out for the 
iV/2 acid, 0-4 tcfO'5 g. for tbe N/^ acid,attd o-2 to 0-25 g, for the Nj IQ acid. 
It is*ifnciesi?ablc*tj have,t(^ many#i 1 oraial solutions in use, and usually 
one other acid "besides the iiormaU^fcid suffices; iV/5 aci^ is the best 
strength for tl^e dilufe <itid. Very little is ganieij by using V/2 acid, 
instead of the noJ:mal, and A^iocctd is too dilute to uie as theVeaker 
solutiofi ; ^ft least twb drop^ of it are reqgmed to bring about a sharp 
change of colour, so •that it is really not more accurate than N/$ acid, 
only one’ cH'op of which Is requh-ed t (3 effect the same r^esult. Titra- 
tions to withii> one drop of an»N/$ soltirfon (O'OC to 0-03 c.c.) are as 

1 Kiieter, Z, anorg, Chem,^ 1898, 18, 127 ; Lunge,M, angew^ Chem.^ 1897^ IQ, 41, 
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near as can be relied upon, taking into atcount the lack of sensitiveness 
of many indicators and other sources of inaccuracy. 

In works, a large quantity^of normal acid is usually .prepared at once, 
say 50 to 60 litres, the capacity of an acid carboy. For laboratory use 
it must, of course, be transferred to smaller vessels, such as stoppered 
bottles, holding at most 5 litres; this is preferably done as soon as the 
acid has been standardised. If,' however, the carboy has to be emptied 
gradually, care must be taken to stopper It well, and to shake thoroughly 
before use. The smaller bottles must also be well shaken once a day 
before use, since water may evaporat^ and condense in ^he upper 
empty part of the vessel. • ^ ff' . 

The equivalent of I’^-.c. of ],oi, and N acids, in grams of the 
substance to be estimated, is diven in the foltowin" table : — 


Potassium Hydroxide 
Potassium Oxide 
Potassium Carbonate 
Sodium Hydroxide 
Sodium Oxide 
Sodium Carbonate 
Barium Hydroxide 
Barium Carbonate 
Strontium Hydroxifle 
Strontium Carbonate 
Calcium Hydroxide 
Calcium Oxide ^ . 
Calcium Carbonate 
Magnesium Oxide 
Magnesium Carbonate 


NjX 

Ni'l 

0-05611 

0-04710 

0-02805 

0-02351) 

0-06910 

0-034.'>5 

0-04001 

0-020005 

0 03100 

0’‘-O'l550 

0-05300 • 

p 0oD2650 

0-08569 

' 0-04284 

0-09868 

0-0^<V44 

0-06082 

0-03041 

0-07382 

0-03691 

0-03704 

0-‘‘01852'' 

0-02804 

0-01402 

0-0:)004 

0-02502 

0-02016 

0-01008 

0-04216 

0-02108 




0-01122 

0-005611 

0-00912r 

0'00471(^ 

0-01382 

. 0-006910 

0-008002 

0-004001 

0-000*20 

’0-003100 

0 OKwO 

0;005300 

0-01 7Lf 

o-oor>5(59 

0-01974 

0-009868 

0-01210 

0-0060S2 

0-01476 

O-OC/382 

0-007408 

0-003704 

0-005608 

0-00*2804 

0-010008 

0-005004 

0-004032r 

0-002016 

0-008432 

0-004216 


Standard Alkalis r 

The hydroxides of sodium, potassium, ammonium, and barium are 
employed as standard alkalis of these, the firrt is most largely used. 
The onTy reason for using the rriore expensive potassium hydroxide is 
that it has rather less action on glass. '' ' 

Ammonium hydroxide has been recommended as a standard alkali 
becaiuse it does not readily absorb carbon .dioxide /rom ihe Sk'^and 
has no action on glass. These advantages, the first of which is only 
relative, are, however, cdunterbalrnced by the tendency of the solutions 
to give'' up amrtronia. Even Nji ai.dvA^/t; solutions vilter in strength 
so rapidly that they cannot^ be used for any length ot tin.e without 
control; such solutions .should not be allowed to stand, ^iiven for a 
short time, in burettes which are not thoroughly shut off from the air. 

Barium hydroxide, which absorbs carbon dioxide from the air, 
giving a precipitate of the* ''arbonatc, can only be used when all the 
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jsual precautions are t^ken •to obviate this source, of error. It is 
difficult to prepare a normal solution and still -more difficult to keep 
its strength unaltered, so that a correction factor has always to be used. 
It is only in certain csRses that the advantages of barium hydroxide 
are sufficient to counterbalance these drawbacks, as, for example, in 
the titration of weak acids with phenolphthalein, since, unlike the 
hydroxides of potassium and sodium, Mt can readily be obtained free 
from carbon dioxide. • When* this is of no advantage, as in all cases 
in which methyl orange is used as indicator, nothing is gained by 
its use.* • » 

• Kiister Vnd Gfiitcrs^ recommend that barium hydroxide should 
always be used for accurate detcrmiwatioi^ with phenolphthalein, 
because potassiam and ‘.sodkim hydroxides give uncertain results, 
owing to the variable kmohnts of coii‘Kincd carbonate. 

• Sod^'uiM Jiydroxi(ie . — In technical laboratories and even for most 
.scientific pur^^oscs; the commercial white caustic soda may be used 

► directly for preparing thiV solution, since the impurities usually present, 
suc'b as chloride, sulphate; ’silicate, and aluminate, very seldom affect 
the result.* Sodium hyUroxide in sticks, purified by alcohol, answers 
all requirements, "t'he ex^j 3 ensive product prepared from metallic 
sodiunj Contains not only so'dJnL’i ca’rfionate, but sometimes gives a 
flocculent residue on soli:tH)n. 'A similar residue is often obtained 
when ij;ciin%ry caustic soda is used, and a .sample should therefore be 
selected which dissolves' in water to a Clear solution; otherwise the 
.solution must be allowed to .settle and the clear liqiwd decanted. 

To prep^f^e normal .sodium hydroxide, clear transparent lumjxs of 
*thc best white commercial caustic soda are picked out, any opaque 
•parts^on the surface scraped off, and 50 g. weighed out for each litre. 
It is then dissolved in water, made up to the litre at 15"^, and 50 c.c. 
of tttis •provisional solution titrated with accurately normal hydro- 
chloric ^(*id* using methyl orange as indicator. If n c.c. of acid arc 
fi?(2cf^*thc *numbcl of, c.c. 7 )f the preyminnry alkali, which must be 
diluted to a litre with pure water Ul obtain accurately normal sodium 

% . . 50 X 1000- , V . o 

• hydroxide, is ^ ' , 

• SWleTelutioii must, of course, b'lt titrated ag^in to check its accuracy. 
More (fffute .«i)lutions are similarly -prepared. 

• Bousfield and Towry “ havq .‘jhown that standard solutions oi 
sodium hydroxide can be prq\ared from metallic -sodium. , Kiister 
has ^ls(^ described a method for tire -preparation of pure sodium 
hydroxidg solutions from' the metal. 

It ’ii^ not advisable to prepare very large amounts of sodium 

1 Z. X ^ torg , mem ., 1903, 35» 459* '' *' 204, 253. 

3 Z. anorg . Chem., 1904, 4!/ 472. J.'Sor. CA'w. 1904, 23, I027 ; 1906, 25, 982. 
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hydroxide at once as a stock solution, l^ecause it slowly attacks the 
glass and alters a little in strength. In order to obtain accurate 
results when litmus or phenolphthakin are used as indicators, the 
hydroxide must be preparec! free from carbofi dioxide, and when in 
use, especially in the burette, must be carefully guarded from contact 
with this gas. . * 

There is, further, no object in*preparing an alkali hydroxide solution 
free from carbon dioxide^ unless its re-ab5orption‘ ftom the air is care- 
fully guarded against, when in use. To effect this, the solutions should 
always be prepared and diluted with boded, carbo« dioxide-fred water, 
the titration should be made, as far as •|)ossible, without ^fccess of air, 
and the burette and Vr.ppty-«ve»sel should be guarded against the 
absorption of the gas. * t f* r c 

Glaser^ and others contenc^ that the ^rrors due to ^he small quan- 
tities of carbonate contained in solutions of the alkali- h/dro'xides and 
to the carbon dioxide absorbed ffdm the air durjng .titration, are 
practically negligible when litmu<s or phenolphthalein are used as 
indicators, and may be difregarded. ^Experiments by Lange ^ and by 
Raschig,^ however, show definitely that this is not the case. 

For comparatively rough’ work, ^cony^letc piotecUon against the 
absorption of carbon dioxide is' uniftctessary when litmus or j:4ienol- 
phthalein are used as indicators; if mcthyEcJVangc is used, such p/'otec- 
tion is not required, even for accurate work. With the latter indicator 
sodium hydroxide cannot advantageously be* ^-eplaccd by a solution 
of sodium carbonate (53*05 g. in a litre of 'water at 15” for an 
Nji solution) ; for a solution of sodium carbonate also gradually attackr 
glass, even when cold, taking up a small amount of alkali, and further, 
the solution creeps up and evaporates at burette jets and on the \\eck 
of flasks, thus giving ri*>e to serious errors, unless this action is con- 
tinuously watched. • 

Potassuun hydroxide solution is made up similarly to sodium 
hydroxide, allowance beings made 'for sts fiighenmoleculaf weight and 
also for the greater proportion of irq purities fhat are generc^lly con- 
tained, in weighings, out the qViantity rcqrti»ccj ^or the preliminary 
solution. ' * * 

Bedium hydroxide soUition is n^sua^l^ made4)f^en^)irjcal stfe^i^h.^as 
the commercial product always contains barii^ carbonate? To prepare 
the solution abo\it 20 g. of*the crysUllked hydroxkl(?(Ila(OJd)2 + SHgt)) 
is dissolved in water, and*ai)out i g. of barium chloride 

added in order to remove an^ alkali •hydroxide th&t may be^ppesent. 
The slightly turbid solution*js allowed to settle, arTd then €*yphoned 
into a bottle through which *a current of ay- fr(ft from carboif dioxide 

* Indikatorm der Acidtmefrie und Adc(^wieiriey p. 

2 Proc. ^th Congress Applied Ckemishff'y 1^3. * ^ M. angew. Chem,^ 1903, 16, 820. 
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*has been previously passed, and jvhich is fitted witl\ a syphon tube 
and with a guard tube containing soda lime. 

In the following 'table the analytical value of Y) h iy and normal 
solutions of alkali are given, expressed in grams per c.9. of solution : — 



N/l 

• 

• ^/2 

N/5 

JV/IO 

Hydrochloric Acid 

0*03647 

0 018235 

» 0*007294. 

0*003047 

Nitric Acid. 

0*06302 

0*03151 

0*012604 

0*006302 

Sulphuri® Acid . 

0D4904 

0*02152 

0*009808 

0*004904 

Phosphoric Acid ’ • • 

t («) WitPM ethyl Orange 

• 

0*07*04 

0*03r.r>2 

0*014208 

0-007104 

(<5) ,, Phenolphthalein 

Oxalic Acid" 

0*?)3,*)52 

0*01776 

/O *007104 
■ 0*012606 

0-003552 

0-OQ303 

^)*0Ti.^15 • 

0-006303 

Citric Acid . * • 

• 0 071)01 

0 '(^500.5 

0 014002 

0-007001 

Acetic Acid'-^ . . • ^ 

• 

• • — • — — 

•0»06001 

• 

0^002 

0*012003 

0 006004 


1 Thn valuos givon are %alPiflatod for tliu inliydrido r;jOn. 

2 Towards litmus and plienolphtliaTpln ; tha valtto*niveii are ralculatod for the crystallised acids, includ- 
^Ing the water of crystlllisaliln for oxalic and citric acids. 


Potassium I^ermanhanate 

A .solytion ot potassium ppri'yangsii'kate is used for oxidising pur- 
poses, in which'it gives* up jiye-^i^iths of its oxygen, according to the 
. equation : — ^ ^ , 

* 2 KMn 04 + 3H2^4 -*^250, + 2MnS(?4 + 5 O + 3 H 2 O. 

Referring to the ex|j^anation given on p. 45, it will ^bc seen that a 
nprmal solution would yield 0 008 g. available oxygen per cc., and 
would be obtained by making up 3i'6i g. pure potassium perman- 
ganate to a litre. A solution of this strength would, however, be liable 
to crystallise at low temperatures, owing to the •slight solubility of the 
salt; hence solutions stronger than iV/2 are ii^ver prepared, and much 
. more^dilTife •solutions ar^ very frequently used, e.g., NJio, N/zo, Nj^o, 
of*even ISfjioo, The *ise ol^suoh dilute sc^lutions is (Consistent with 
accuracy^ince an indicator, in*the otllinary sense of the term, is not 
^used ; Tor in the permangaitete solutioji,*the very intense colour of the 
MnO'4 ion is i»depen<Jentof tl>e corresponding positive ion*H* or K*, etc. 
Th8 «i 1 ^uicl» willjof cpurse^remaiif^(K)lojirlcss as^long as the Mn0^4 
is destr(D)^ed a«d convertcc^ into o^J^er colourless ions, according to the 
ab( 5 ve rea<:tion ; at inq,st, the solq^iqp will asmime a slight coloration, 
owing to the fcj'mation of ion^ from other subsfancefe taking, part in 
the ruction, *e.g,, the formStion ®f tervaknt from bivalent iron. In 
.the dilute?. solutions used^feh- these titrafions such colorations are 
extremel)# slight, and Q^isappearf- altogether* when compared with the 
colour of^he permanganate iom An ejy^s of even one tirop of Njioo 
permanganate solution ir\ 100 c.c. or npor^e^ water, produces the intense 
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purple, or in snpall quantities, light-red coIoVir of the permanganate 
ion, and thus indicates the end of the reaction. 

The main reason for using the standard solution fairly strong 
is, that otherwise an inconveniently large volume of the solution 
would usually be required to complete the titration. Another reason 
why very dilute permanganate solutions should only be used in 
exceptional cases, is thdt permknganate acts on the impurities which 
are present even in ordinary distilled water, and its available oxygen 
is thus decreased. A freshly prepared permanganate solution should 
therefore never be used. immediately, but should.be left td stand for 
eight to ten days, before it is standardised ; the impill ities in the 
water will then be cVs.j'plet^ly.K oxidised. No appreciable error is 
incurred if a permanganate solution is'diluled with ‘ordinary distilled 
water and used immediately dilute permanganate. solutions should 
not be kept in stock; strong solutions (at least ►i/jo normal) should' 
be prepared and accurately standardised and diluted ip Nj 20, A^/50, 
or iV/ioo for immediate use, accor^ling to requirements. '' 

Oddy and Cohen ^ stj^e that permanganate* solutions* lose 2 to j per 
cent, of their oxidising value in four months,^ whether exposed to light 
or not. Their observations, however, are'insuffi^cvent in number and in 
accuracy. Treadwell- found' thab'’^ *‘wcll-protectc(l permawganate' 
solution lost only 017 per cent, of its oxic^sing value, after keeping for 
eight months; he recommends that tfie, solution be re-.^tandardised 
every two or three mont'hs, if great accuracy*, is, required. Lunge has 
observed a decrease of 0-2 per cent, after three months, and agrees with 
Treadwell’s recommendation. ^ 

Permanganate titrations are generally carried out in sulphuric acid 
solution. Hydrochloric acid has the great disadvantage of actit^g on 
potassium permanganate, even in very dilute solution, chlorine being 
liberated ; hence solutioi^s containing chlorides cannot be titrated with- 
out special precautions. This point was inv<^stigatcd by ' Kesslc^ and 
subsequently by Zimmermann< who" showed that perfect accuracy is 
attained! provided a fairly large' quantity of* manganous sii^^lphate is 
added to the liquid to be titratq,d ; a solutfow containing 200 g.* of the, 
crystallised salt per litre is used, and abotit 2a c.c. of thifc solution are 
added;^ This has sincp been qpnCr.fned by^J. A^ N.* FriCii^^G.' C. 
Jones and J. H. Jeffery,’* and others.^, ^ 

^ Pure dilutb nitric aoid is, likp :^,ulphuric tqid-; indifferent to [Per- 
manganate; theOowhr oxides of nitrqgen, however, {eclucc perman- 
ganate, and this action afford*, the best method for their estimetiow, 

• /. Soc. Chem, Ind,, 1890, 9, 17. ‘ ‘ AnsJyhcal edition, 1919, -wd. ii., p. 603. 

^ For an explanition of this action, cf. J. '^•aign^XyMassanalytische Studien, p. 77 ; Gooch and 
Peters, Z. anorg. Chem., 1899c 21, 185 ; Stf.abal, /. ami Chem., 1903, 42, 359. 

^ J. Chem. Soc., I909, 95, 1228. Analyst, 1909. 34 . 3o6. 
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A normal perniangaftate solutign cannot be prepared by simply 
dissolving a weighed quantity of potassium permanganate and diluting 
to a definite volugie,’ partly on account of the above-mentioned action 
on distilled water, and parrtly because the chemically pure ” commercial 
salt generally contains a little potassium sulphate, chloride, nitrate, or 
other impurities; it cannot be regarded 'hs loo per cent, potassium 
permanganate, although Gardner, Nor^th, and** Taylor^ have asserted 
the contrary. For' these reasons, a little more than the calculated 
amount of the salt is weighed out (about i6 g. for A72' solution, 3'2 g. 
for Njio solution, etQ.) ; this is made up to 1 litre of solution at 15°, and 
left ta stand <or aboi 5 t a week b< 5 ‘orc standardisation. * It is not advisable 
to dissolve the salt in the litre flask^ as, the^ ^Jrescnce of undissolved 
crystals may easily be overk)okGd, owing iji the dark colour of the solution. 
The weighed qu^ntit/ ofthe 5 alt is prefera'bly dissolved in warm water in 
•a beaker, the solution poured jnto the litre flask, and any of the salt that 
may have remained behind in the*beakcr then dissolved in more water. 
• Very many methods have been suggested for fixing the strength of a 
pernjanganate s^olution ; .oifl^'a limited numbc,r of these can be referred 
to, and Old/ a few will bcf dcscribed in detail. 

Sdrens(^'i has shown, how^v'er, that sodium oxalate can be obtained 
(quite purl; and free from hyg1*ys&r)pic‘ water, and his recommendation 
of this salt for the standardi^ration of permanganate solutions has been 
fully ca^ifirifi’ed by Lunge (cf. infrai).* 

I. Sodium Oxalate ijTethod.— The usti of sodium oxalate was first 
recommended by Suremsen- {cf. p. 49). It has no water of crystallisa- 
tion, is not l^ygroscopic, and as it can be obtained in a very pure 
Condition is especially suited for the standardisation of permanganate 
solutif)ns. For accurate work the salt must be placed for a few hours 
in a drying ovcidst 100'^ and left to cool in a desiccator, over calcium 
chloride.* It is then weighed, dissolved in water in a flask, and titrated 
in sulphuric * acid solutiqn at 40 -50 ’. Ten c.c. Ayio^potassium per- 
n!^ganate*solutiofi corj'cspoiill to/dy-o's /ng. sodium oxalate, or o-i g. of 
the latter , to *4-91 c.c. of^ the former. *'*lvungc^ and M‘Bride ‘ h^ave con- 
firmednne accuracy of tl^ij method, ^lYtl recommewd it, in preference 
to all others, fcr the sta*i>dardisation of permanga'*nate. 

okalates that .have' ^beep proposed. Kraut-'’ has rscom- 
mended*^r;toJirV^; 7 / tctroxala^e (p. 54)^ Rust,*’ manganese oxalate^ prepared 
by^precipftation and ^dried betw;eep filter paper, and"* Barbieri and 
ferrous Qxalatc. * ' 

^ /. Soc. (»hem. Ind., 1903, 22, 73*1. * - Z, anal. Chftn.y 1903, 43, 352, 512 ; I906, 45, 272. 

3 Z. angexv. Chem., 1904, 17, ^30 and 269 ; 1905, 18, l^io. 

^ Bull. (J.S. Bureau of Standards, l^I3,*8, 611. 5 Annalen, 4863, 126, 629. 

® Z. anaU Chen^, 1902, 41, 606 ; J. Soi. Chem. Imk, 1902, 21, 1413. 

Rend. Soc, Chim. Roma, 3, 
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' 2 . Oxalic Apid method —This .method, 'proposed by Hempel, is' 

based on the oxidation of oxalic acid, in presence of sulphuric acid, to 

carbon dioxide and water : — 

< ( 

5QH,A + 2iCMnO, + 3 H,S 0 ,- ioCO, + SH^O + K.SO4 + 2MnSO,. 

The reaction proceeds slowly in the cold, rapidly at 40° to 50°; 
even at this temperature the^ first drops of permanganate are not 
immediately decolorised. When once the reaction has started, however, 
it proceeds rapidly, owning to catalytic action of the manganese salt; 
the drops of permanganate are then decolorised {he instant they reach 
the liquid, and the final colour changetfrom doloilrless t^< light rc^ is 
sudden and very sharjV;^ , ^ 

The above equation showw that 5 Xv90 03 =450*15 parts anhydrous 
oxalic acid require So parts Cv^ygen ; hente one part anhydrous oxalic 
acid corresponds to 0-17772 parts oxygen. This refers to anhydrous 
oxalic acid, whilst normal soIutions^o*f oxalic acid are* prepared from the 
crystallised acid CJIoO^ . 21120, molecular ..weight^ i2f)-o6, equivalent 
63-03. As Riegler^ has pointed out, standard oxalic acid solqtions 
may be rendered more permanent by an acldKion of sulphuric acid and 
by protecting them from light; nevcrthele.ss, th,e.sc precal^ions by no 
means ensure absolute permanence i!^f the solutipn. 

If it be, nevcrthcle.ss, desired to use j.bis direct method, results of 
any practical value can only be obtained by uMug perfectly aijhydrous 
oxalic acid, purified by flie somewhat tedious inethod described above 
(p. 53)' But even when the method is thus modified, it is impossible to be 
certain that the results will be absolutely reliable. On Rie other hand, 
Lunge ^ has shown that accurate results are obtained by preparing a 
solution from pure, ash-free oxalic acid and determining its strength by 
first standardising A75 hydrochloric acid with sodium carbonate, the 
acid being then used to ^correct a W/5 barium hydroxide solution- which 
in turn is used Vo titrate the approximate oxalic acid .solutioii.' 

The permanganate, thus .standardise^?, shoyld be used' at dtice 10 
determine the value of a stock b( iron 'wire b> method N^o. ^ described 
below. When it i^ subsequently^ required tp /standardise pern^ar.ganate 
it is more cbnvenient to titrate against this^.'iron wir^ than against' 
oxalv:‘acid, since the permanence o^ the latter cannot Ix; reli^i 

3 . Iron method. — A^ery fine soft iron wire is' used ds the ba'sfis of this 
method ; it should be cleaned with eqiery papef,and rubbed with writing 
paper bpfore wei^hiitg. It is, of cou^sq, not pure iron ^nB may contain 
0*3 percent, or more of impurity. As*Tread\vcllhas4)oint^d out, thjs does 
not imply that the value of the wire is equal to that of th^- contained 
iron; on the contrary, if may ^exceed 100 «per cent, owing to its 
0 

^ Z. anal. Chm.y 1896, 3SA522 ; J. Chem, Soc. Abstr.y 1896, 7 C, 676.' 

^ '-f. angew. Chem.y 190^1. 17,^268. - 
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•content of carbon, silicon, phosphorus, etc. To avoid errors, which 
may be considerable, its value must be determined as described below. 

To check an NI2 permanganate solution, a piece of wire weighing 
about 1-25 g., for'an Njxo solutidh a piec^ weighing about 0-25 g., is 
weighed to within o-oooi*g. The wire is then stretched out, its length 
measured, and a number of pieces of the satne length cut off; these can 
then be very rapidly weighed, as their«appro»imate weight is known. 
Each piece will reqlii/e. nearly, but not more than, 50 c,c. of perman- 
ganate solution. • 

The w^'ghed wire is then* dissolved in hot dilute sulphuric acid, in 
absence of ai^; this may*be effected in a flask fitted with a Bunsen valve 
or in any similar form of apparatus^ ^ 
or a flask provid<jd with g. ti4)e, bent • 
twice at right-angles ^nchdi^ping into a^^ 
beaker conjaiiiing sodium bfearbonate 
solution, may be iffeed. If th?j flam^i is 
4'emoved when* the^ iron has dissolved, 

the bicarbonate solution is sifekcd back 

# # • 

and cools ^hc contents ^of the flask, 

whilst the carbon dioxide evol'J^d keeps 
put the ak.‘ The devich (Fig.*20^*de- • 
signed by Contat“ and ii^grovc*d by 
•G6ckel,‘^,is n^uch more^ctmvenicTit tlian 
any of *the above arrangements. It * - 
consists of a bulb provided with a 
syphon overfldw tube, which is fitted ‘ 
into the flask in which the iron is dis- ^ 
solved* The amount of water or sodium 
bicarbonate soluHpn, placed in the bulb 
at the. b^gini/ing of the experiment, should be such that the end of 
the longer* atfm of the syphon just dips below its surface, and this 
leval 45 no 4 alterod until bcwliny^ is* §nisliod ; a saturated sodium 
bicarbonate s^ution is tli4in poufed int© the bulb, which will be sucked 
into th^ ^sk as the contei|ts cooT, until the pressure of the carbon 
dioxide balanijcs that*cff the ^ir ; the*solution remaining’in the bulb 
prot^gtfiH^iipi;; conicnts of the flask fifop the air. 

The « 4 anda{di^;atfon *01 permanganate by means of iron has been 
mbjocted to detaile 4 investigation by Skrabal.^ He feund that the 
ipparcnt valu€ of a sample of iron wire, when dete’^mined by per- 
^angajiate, wac too {)3 to ico-2i p^r cent., whereas the actual amount 
3f iron •ccvitained was only 99.38 per cent, (together with 0 03 P, 

’ Jaliod.i,^Z angew. Chem., liso, i£, 8/. * 2 Chem.Zett.y 1898,22, 298. 

Z. angev), Ch^n., 1899, 12, 620 j /. ^oc. Chem, /y.^ 1899, 18, J08. 

Z. anal. Chem.^ 1903, 42, 359^ 
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0*31 Mn, 0-185 pu, 0 023 S, 0-09 C).^ He thei-efdre rejects the method 
as unreliable, and uses either chemically pure iron, or iron wire of 
known composition, of definite value; the iron is dissolved in 

sulphuric acid, 15 c.c. N\\o permangrinate added to the warm solution, 
which is then left to stand over-night in a Varm place, whereby the 
carbides are completely oxidised ; concentrated hydrochloric acid is then 
added, the solution heated to ‘boiling, reduced with zinc, and titrated 
with permanganate. These directions are doubtless good, but uniform 
and correct results can ^ be obtained without this complication, provided 
due care is taken to adhere to the same condition^ of dilution, heating, 
etc., both in standardising and in the sfibsequc'nt Use of p^^rmanganate. 

The cold iron solk^on, i*^ titrated with permanganate until a faint 
rose-red coloration is obtained, and Remains permanent for thirty 
seconds ; it is not necessary t^^at it should be perlnanent for longer. If 
the number of'c.c. used is divided into the number which would have 
been required had the permanganatobeen accurately 'normal, a coefficient 
is obtained by which every reading must bc,|nultiplied ;^it is preferable, 
however, to dilute the solution to the noriiial yaluc. 

In order to avoid the uncertainty due to ihe composition of the iron 
wire, Classen has proposed the use o^clectrolytically deposited iron. 
The iron is deposited on a piatinufTn dish, by .electrolysing a solution 
of ferrous ammonium sulphate cohtainyig ammonium oxalate ; the 
deposited iron is washed with watgr and alcohol, dried at 8opto ioo‘’, 
weighed, dissolved in sulphuric acid, and <.110^ solution titrated with 
permanganate, whilst still in the dish. 

TreadwelP also recommends the electrolytic mctiiod, which he 
modifies by depositing the iron on a small cylinder of platinum foil and 
dissolving it in air-free sulphuric acid, in a current of carbon dioxide. • 

Skrabal - found o-:o to 1-47 per cent, impurities, including hydrogen, 
in electrolytic iron obtained by Classen’s method. He gives iKn alterna- 
tive method for preparing pure electrolytic iron, but according to 
Classen,^ the iron thus obtained is npt pbic. ' 

Avery and Dales ‘ have sh0.vn that iron, deposited clcetrulytically 
from ammonium ,pxalate solhtions, conta/nij 021 to 0-42 pcr^ccnt of 
carbon, and' that a srhall quantity of iron, on. an averag'^ 0 35 per cent, 
is always left in solution. Whilst VCrwcr and Groll ' contwird that the 
deposition is complete and free from carbon, the results of Avery and 
Dales have been fully confirmed j:>y, Kohn, Brjs;lce, and FroysclP ^ 

Ledebur^ strates'that he has never found the value of iron wire to 

^ Analytical Chemistry^ 5th edition, 1919, vl)l. ii,, p. ^3. 

2 Z, anal. Chem,, 1903, 42, 359- ‘ “ 42, 516,. 

^ Ber.y 1899, 32, 64 and 2233;- ‘ , ^ Ber., 1899, 3^, 806 ; C/icni. Zeit.^ 1901, 25, 79a, 

® British .Ass(>ciation Reports^ 1 900, p. 174. ' 

’ Stahl und Eiseny 190^,22, 1242 y also, Thiele and Decker t, Z. an(^w. Chm.^ 1 901, 14, 
1233, ' 
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eicceed.ioo per cent., and Hiat it. is safe to use the percentage of pure 
iron present as a basis. 

According to Lunge, ^ electrolytic iron cannot be reHed upon as pure ; 
on the contrary, its use may lead to errors < 5 f several units in the first 
place of decimals. It is >fery much better to determine the value of 
a large stock of iron wire by means of permanganate, after having 
^ previously standardised the latter by exalic acid, referred to pure 
sodium carbonate (p.‘ 50). Since sodium oxalate is free from all the 
uncertainties connected with the use of iron, it forms a far*more reliable 
basis for standardisation than die latter. ^ 

4. Ferrouf Amiflonitim Sitphate method. — The double salt 
FeSO^. (N 114)2804.61120, sometimes cj^leJ Moh/s salt, is more stable 
than ferrous sulphate, ,and was **thereforc^cecom mended by Mohr for 
standardising perman^aifate. * The dissolving of the iron is avoided 
and the errons arising, from the variable amount of carbon in iron wire 
are eliminated. StiN greater uncertakity is, however, introduced, owing 
t« the presence of water of crystallisation and of impurities in the 
salt. ^Vhere errc)rs of some* f^nths per cent, ye not of consequence, 
this salt may be used for^standardising ; it cannot be recommended 
for accurate ^vork. Th« value%f the salt -is 14*24 per cent, of that 

•of iron, almosf exactly one^^e\f«nth. 

Meineke'^ also considers «f|^rrou.s ammonium sulphate to be quite 
unreliabl’^^. an<^ recornmeiTds the Tise.of iron alum ; this is reduced with 
stannous chloride, meryii^lt chloride finally aclded, and the solution 
thefn titrated with permanganate, following Reinhardt’s directions.^ The 
amount of iron V the “chemically pure” iron alum must be checked by 
pi^cipitation with ammonia. Brandt has proposed a method in which 
he prepares “ chemically pure ferric oxide ” ; this is reduced with stannous 
chloride, and the •resulting ferrous solution used to standardise per- 
manganaU. (?intl'^ uses a spiral *of palladiunj wire, saturated with 
hydrogen, •a'^ feducing ag^nt, and prefers this to all othbr methods of 
recflfbtmn. * • 

5. Volh^rd’s^ lodimetric mfthod.-*^lf a permanganate solution is 

added tc> i solution of jjot^slium iodide, acidified wit^i hydrochloric or 
sulphuric acid, quantityguf iodine is liberated, v^hich is equivalent to 
the #^aiT?n 5 ic oj^ygen in the pertminyinate. The iodine dissolves 
in the ex?hss oi potassium ^iodide ^©lution, anc! its amount can be 
determined *by adding jc^ccess of ^0(Jium thiosulphate ind titrating 
back with standard iodine solutipi^: — • , 

• ^ « K]vrti64 + 5KI + 8t1cl-5f+6KCl«l-MnCl2 + 41X20. 

■: V ^ ^ ^ ' 

^ Z. aui^^nv. Chenu, 1904, 17* 26^. ^ Z. hff'enf^ Chem,^ 1898, 4, No. 13, 

^ Siah/ nnd^Eisen^ 1884, 4, 704 ; Cliem. Zfxt.^ 1889, 13, 323. 

‘ Chem. ZeU.y 19^6, 40,605, 630. ^ •’ Z.^)i^exv. Chem.j 1902, 15, 431. 

• “ Annalen, 1879, 198, 333 ; 1887^242, 98., 
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'this process, {hough theoretically^ quite correct, has the disadvantage 
of requiring two additional standard solutions, on the accuracy of which 
the process is dependent ; the unavoidable summation of small errors 
may easily lead to a final ferror of several teciths per cent. F. Dupr6 ^ 
states that the method gives accurate results! 

6. Gas-vojumetric, Hydrogen Peroxide, or Nitrometer method.^— 
This method, which is of interest as it dispenses with the use of c 
any substance of doubtful purity, is t>ased on -the following reaction 
between hydrogen peroxide and a solution of potassium permanganate, 
strongly acidified with sulphuric acid : — * , 

2KMnOj + sH^SO, + 5H,0, = + iMnSOj + 8H.,0 + 50,. ‘ 

’ I, “f 

Thus, whichever of the rcagyits is not/in exces^ gives up the whole of 
its available oxygen, and this* is increased* b;^ ah exactly equal volume 
of oxygen defived from the other reagent. It .is then only necessaFy 
to measure the volume of oxygen» evolved, to redui'e this volume to o® 
and 760 mm., and halve the result. The reaction proceeds quite 
smoothly and is quantitative ; the solutions retain no oxygen^ since 
they were previously saturated yvith air. Certain simple precautions 
must be observed : viz,, a large excess Oi sulphu-ric acid miiit be present, 
but not too large an excess of hydrogen peroxide ; the’ apparatus ■ 
must be adjusted immediately the solptions have been mixed, and 
attention must be paid to those conditions which must* be, •observed 
in all gasometric methods, such as unifcApijty of temperature, etc. 
The latter is easily attained, since the reaction involves no appreciable 
rise of temperature. Lunge’s nitrometer with attached bottle (p. 82) 
is particularly suitable for the decomposition, and by employing it br 
similar apparatus, in conjunction with a “ gas-volumeter,” the caltulation 
of the volume of oxygen to standard conditions is SEwved. 

Since i litre of dry oxygen at* o'" and 760 mm. weighs «i;429 g. in 
these latitudes, and half of the evolved^ oxygen cofnes*" from the 
permanganate, every c.c. oL the ‘measured iVoliimc correspond^ ‘ to 
0-7145 mg. available oxygen 'ih the 'permanganate, tfeqcc i c.c. of 
an accurately seuq^i-normal peripanganatc Solution will give c.c, of 
oxygen (N.^TR); ad A710 solution wiU giv® M19 c.c.'Oxygen per c.c. 
of sofution, and so on. ^ ‘ e* 

’ «■ r « % t * ( 

The valuation is conducted follo^^s : 20 c.c. of perlhanganate 
solution are' accurately measured, into th« ,0Hter compartmerfi: of 
the decomposition'' bottle and 30 p.c. dilute sulphuric acid (1:5) 
added. For Nf 2 permanganate, 15 c.c. oi^dinary commercial hydrogen 
peroxide are then introduced into the inner vessel of the decomposition 

^ Z. angew. 1904, 17, 815. 

2 Lunge,/. Soc. Chem. IwL, 1890,^9, 21. Cf. also, H. v. JUptner, Ostet)^. Zettf/tir Berg, und 
HtiUenwesen^ 44, 371 ; Vannino, Z. Chem., 1890, 3, 80; /. Soc, Chem. Ind., 1890, 9, 552. 
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tottle, by means of a pipette ;• for. weaker solutions less peroxide is 
taken. A preliminary experiment should be made, -in a beaker, to ensure 
the presence of an. excess of hydrogen peroxide. TWb decomposition is 
then carried out in the usual manner {cf. p! 82), the volume of evolved 
gas read after the adjustm*ent of the pressure tube, calculated to N.T.P. 
allowance of course being made for the tension of aqueous vapour ; 
, or the correction may be made by the* gas volumeter. 

The applications of • permanganate are extremely numerous, and 
include the estimation of iron, oxalic acid and oxalates, nitrous acid and 
nitrites in sulphuric, acid solution, potassium ferrocyanide, tanning 
materials, anAhydrogen peroxidt ; it is also used ij^idirJctly, for titrating 
back excess of reducing agents, e.g., fe«ro*is-oxjde in the estimation of 
nitric acid, nitrates* chlorates^ manganese epoxide, peroxides, bleach, etc. 

'iODIl^fTRV 

• The iodimetric method* of volumetric analysis were introduced by 
Buns^, and are.now veryjp^tensivqly used ; tb^y are amongst the most 
accurate known, owing to the extreme sensitiveness of the indicator 
starch solutfon, that is*qmployed. 

• Iodine Sxidiscs many substaTy^^f indirectly, by combining with the 
hydrogen of water, liberjtin|:»the oxygen, which then combines with 
other co^poifhds present. In other. c^ses it cogibines directly with the 
hydrogen or sodium in.th^ substance to be estimated, as in the deter- 
mination of hydrogen sulphide and of sodium thiosulphate. 

The “ re-suftlimed iodine ” of commerce is a very pure product, which 
niay be used for many purposes without further purification ; for the 
ptepariftion of normal solutions it only requires to be dried in the 
exsiccator to fjee % from water. For accurate stalidardisation, however, 
the iodiije must be further purified (p. 69). • 

, An iodine solutioii is^|^enerally used ; it is prepared as follows : 
127 g., or a little morej.pure*rc-su^)limect iodftie are weighed out on a 
rough balgiiice and shaken into a jitre flask containing a solution of 
15 to i^g. potassium ip^ida^in about ^o*g. water; the fla§k is closed, 
shaken till the »dine is ctmpletely dis^lved, and*then filled up to the 

marlf.* ^ . 

« • • 

Iodine solutions should kept wi*well-stoppcred bottles and stored 

in a'cool place^ the strei^th should be checked about once a month, 
as the containec^ iodine is disbinttly volatile. h*or ;fliis reasen the 
solutio»i,,when*in use, shouj’d be Kept ouP of contact with the air as 
much as possible, and the titrations shoultl be conducted in bottles 
or narrow-. ecked flasks, ifot iy b«aker^ or dislies j for the same reason, 
the iodine, should be run into ,the solu^on to bp titrated, whenever 

• possible, and not vice versa. This dot^ rwt apply to the titration of 

• • ^ • • • • 
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sulphites, since the action of atmosphewc ox;^geh on the sulphite must^ 
be avoided (cf. infra). The volatility of iodine must also be borne 
in mind when g^ases containing sulphur dioxide or sulphuretted 
hydrogen are bubbled thrftugh iocfine solution, in order to absorb 
these gases. * 

In conjunction with the* iodine solution, starch solution is used as 
the indicator, and eithei^sodiumfthiosulphate or arsenious oxide solutions, 
of corresponding strength, as the reducwig solution. 

Starch solution ma/ be prepared as follows : — 3 g. potato starch arc 
ground with a little \vat,er to a uniform paste, and gradually added to 
300 g. boiling wa..er in a porcelain disb; boiling is contv.ued until an 
almost clear solution is pbtaipcc|. This is allowed to settle in a deep 
vessel, and the clear liquid filtered and sahirated with (jommon salt. The 
solution keeps for a considerable time ‘^if' kept in a cool place ; the 
addition of mercuric iodide^ preserves the solution. ■ 

Zulkowsky’s soluble starch is* a more convement reagent ; it is 
obtained in the form of a thick paste, which should not be allowed to 
dry up; a small quantity is taken out,*6ir the end of a glass rod, as 
required for use. Junk- sterilises starch "solution by boiling with 
mercury. ‘ i '* 

Iodine solution is generally standardised by an accurate' sqlution of 
sodium thiosulphate or of arsenious oxkk, the strength of which has 
been fixed by pure iodine (p. 69). 

Kalmann^ recommends sodium sulphite’-for the standardisation of 
iodine. A solution of arbitrary strength is run into the iodine solution 
until it is just decolorised, when the following reaction tdkes place : — 

Na.S03 + 21 + H.O = 2HI + Na.SO,. 

Thus the acid liberated is exactly equivalent to the iodine. The acid is 
then estimated by standard potassium hydroxide, using methyl orange as 
indicator. The method is independent of the amount of water and of 
sulphate in th^^ sodium sulphite, {)rovidc(l 'die latter h perfectly fivie Dom 
bisulphite, thiosulphate, and Cricbonate, a condition diffii^ult to obtain 
in practice. The decomposition goes besd when the solu^lOl^/ is not 
too dilute. *One c.c. -V/io alkali hydroxide coi respond^to 0-012692 g‘. 
iodine. •* rj- 

S. W. Young ‘ recommends ^anhydrous hodiun. thiosulphate for 
standardising iodine solutions; tartar emetic h{is been proposed by 
Metzl,^and potassium bichromate by Bruhns*' and others; and arsenious 
oxide by R. M. Chapin.^ ^ ,1 

^ Mutniansky, /. ana/. Chem.y 1697,36, 220. ' # 

“ Chem. Zeil y I919, 43, 258. Bcr.y 18^7, 2 C, 568, 

^ J. Amer. Che^n. Sot.y 1904, 6, 1028. ® Z. anotg. Chtm.y 1906, 48, 156. 

« Ifnd.y igo6, 49, 277 ;/ ptaU. C/A/f(, 1916 [2], 93, 95, 312 ; 1917 [2]) 95, 37. 

’ /, Amer. Chem. Soi.y 1919, 41, y ' 
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The applications of io'dine solution, known as iodimetry, generally 
in conjunction with a corresponding sodium thiosulphate or arsenious acid 
solution, are very ;iumerous, and include the estimation of sulphurous 
acid and sulphites; free thlorine and bromine, hypocljlorous acid and 
hypochlorites (including bleach) ; sulphuretted hydrogen and sulphides ; 

arsenious oxide, peroxides, chloric and chrotnic acids. 

• • 

’ Sodium 'Thiosulphate 

An Njia solution is prepared by dissolving 24 82 g. of the pure 
cry^stallised ^It Nag^.^Oj. 5H2GJ in water, which has-been completely 
freed from air by boiling ; the solution is (jilutefl to i litre with cold 
air-free water. * \ ^ 

Meincke ^ states that sodium thk^ulphate can be obtained by 
repeatedly r^crystallising the “chemically pure” commercial salt from 
water, rubbing it a fine powde/.^with strong alcohol, washing with 
^ther and air ‘drying; byt the water content of the thiosulphate 
prepared in this way is yariftble. 

Pure sodium thiosulphate* should dissolve in* water without the least 
turbidity, should give np preeij^itate with barium chloride (a precipitate 
^ould indicate tilt presence of» siHjihate* sulphite, or carbonate), and 
should not redden phenolphthaleni'l^prcsence of carbonate). It should 
•also be Vee f*om sulphide and clTloritle. 

Iodine and sodium thiosulphate react With ilie formation of sodium 
tetrathionate, the iodine combining with half the sodium; — 

^ 2Na.,S_;0.j + 2 I 2 NaI + Na 340 (.. 

\^henever possible, the iodine is added to the thiosulphate solution ; 
the latter should ^be neutral or faintly acid, becau.se if more strongly 
acid free thiogulphuric acid is formed, which decomposes on standing 
into wate^ suljihur dioxide, and free sulphur. A*slight yellow coloration 
is oj^s^r^ved jis soon as an«excess of iodine is present. The change is 
sharper in p^sence of starch solution, but the blue coloVation is only 
obtained »t ordinary temperature^. Starch solution must ne^er be 
^dded 'Whilst a large ^e^ces^ of iodin« is present; •the search should 
be addec^towai^s the enc^of the rcactit)n, when only very little iodine 
is pre'hent^iT the ti^ratioi^is done iruthi.^^way. * • 

The following method m^iy be iMK?d to standardise the thiosulphate 
.solulion, and, jndirec^ly,*an approximate iodine solution. A small 
quantity of pui^, dry iodine is •prepared, by pow4lering t(5gether 
0*5 g- iodine and o-i g.jDotassi^m iodiTle and heating the powder 
in a small porcclaiif dish on a sand-bath, 9r on an asbestos card, until 
vapour is 5 :opiously evofVed ^ the di 5 h is then covered with a dry 
watch-glas€, a«d the greater part, but in«t the whole of the iodine, 

'^ C / iem . Zfit.y l89|^ 
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is sublimed or\ to the latter. The watch-glass is then covered with 
a second, accurately, fitting glass and the whole weighed, the weight 
of the two watch-glasses of course being known. .The watch-glasses 
are placed gently in a solution of i g. potassium iodide in lo g. water ; 
after waiting for a moment, to allow the iodine to dissolve, the solution 
is diluted w 4 h lOO c.c. of water and titrated with the thiosulphate 
solution. (The potassi*am iodide must be free from potassium iodate ; 
a test for its purity in this respect consists- in adding hydrochloric 
acid to a not too concentrated solution of the salt, when no immediate 
yellow coloration develops in absence bf iodatp.) When the colour 
has been reduced to a pale yellow, a little stai^ch solution is added 
and the titration continued until the blue colour just disappears. 
If the thiosulphate solutioi^ is of right 6trength,^the amount used 
in c.c. multiplied by 0-01269^ equals the \Vcight of iodine taken. 

The followi'ng modification of this method recommended by Tread- 
well^ is easier to carry out. Two to 2*5 g. pure potassium iodide and 
not more than 0 5 c.c. water arc placed in each of two or three sma'H 
weighing tubes with tightly fitting, ground stoppers; the tubes are 
closed and weighed, and then 0*4 to 0*5 g. ptire iodine added to each, 
and weighed again. The iodine dissolves almost instantly in the 
concentrated potassium iodide scilitidn. One of the tubes is then 
placed in the neck of a 500 c.c. Erlenme/cr flask, held in an inclined 
position and containing 200 c.c. of water and about i g. potassium iodide. 
The tube is dropped carefully to the bottom of the flask, the stopper 
being removed just as it begins to fall, and allowed to follow it. In 
this way no iodine can be lost. The examples given by Treadwell 
show deviations of about 0-2 per cent, from each other ; these deviations 
can be reduced to o-i per cent, when using the first method given 
above, after considerable practice. 

Winkler has proposed a method for preparing pure iodine in quantity, 
which consists in adding 5 per cent, potassium iodide anu fd' per cent 
quicklime (to' retain water) to the en'-de ihlline ; the'mixture is siibirfiled 
from a vessel covered with a fletsk filled with' water, on vvhi^h the sub- 
limed iodine condenses. A fu'nnel, the tube of which is loosely plugged, 
serves equally well t <5 collect the iodine. " ' z 

.De Koninck’s'^ method of prepaiing pure iodine for stantlcfidisation 
is as follows : — Potassium iodide is freed from potassium dyanide by 
recrystallising in presence of a little hydriodic acid ; one' part of the 
recrystallised *rLalt is then intimately mixed with i j parts previously 
fused potassium bichromate, both having been finely powdered and 
dried, and the mixture distilled from a small retort, the neck of which 
fits tightly into a small Erlenme/er flask. ^ 

' Analytical CheTms\''y^ 5th edition, 1919, vol. ii., p. 646^ 

Chem. Zeit., 27 192. 
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Lean and Whatmoilgh ^ consider that the purest iodine is obtained 
by heating cuprous iodide. 

When iodine is kept in a desiccator, the latter should contain calcium 
chloride and not sulphuric acid, and the cover should not be greased ; 
neglect of these precautions leads to contamination of the iodine, since 
sulphuric acid is likely to be taken up by* the iodine and grease is 
attacked by iodine vapours, forming hydriodic a§id. 

Meineke^ recommends the use of potassium bi-iodate, which had 
been previously suggested by C. v. Than^; the commercial form of 
this salt is said to be e^xtremely pure and to be quite permanent, even 
in dilute solut%3n. Irt acifl solution the following reaction takes place : — 
KH(I 03)3 + loKI + ijeHCI = Pi^Cl + 6Hp. 


Hence 389-95 parts of ^^uje ‘pc^tassium bi-|6date correspond to 1523-04 
parts iodine. • 

* This mcfho*d appears very convenient, particularly for checking 
thiosulphate soUitio^s, from time to*' time, by means of a solution of 


tfie bi-iodate, but the purify ,pf any commercial bi-iodate cannot be 
relied Mpon,- as tlfc salt ma^ ci)ntain .either too *iuch or too little iodic 
acid. Tread^clP also states ^.hat commercial bi-iodate cannot be 
relied upon for cyrcct ‘^tandar^iscytion. .Hence, if it be desired to 
use pota^ssfum bi-iodate* its valu«^,* must first be determined; this 
pegatives the value of tv-iodflte* for direct standardisations. 

Rieglcr® l*as recommended crysmflised iodi^: acid for standardising 


thipsulphate, but Walkcv •• has pointed out objections to the method. 


Kratschmer ^ l\^s suggested sodium bromate, Zulkowsky,® and subse- 
quently Crismer,^ normal potassium chromate, but Meineke has 
indicated the disadvantages of this last reagent. J, Wagner considers 
the use of polassipm bichromate, under perfectly definite conditions, 
preferable to oiher* reagents. Dictj and Margosches use potassium 
chlorate,* ihicb, on addition of hydrochloric acTd, potassium bromide, 
an(i.poiissiiyn iodidp, liberfiteg^n exactly equivalent amount of iodine. 

JV/ioo thiwulphate occasionally ^i;ccjuircd, especially when using 
N/ioo i^d^ifie ; the former must alvvays be freshly prepared, as does 
iK)t keep long. Neithgc^ fs Njio thiosulphate perfiianeiU under all 
conditions^ Ca^on dioxfde acts upor> it, in presence of oxygeri and 
sunligJit, farming splp^iurcKs acid aiip 3 fr«c sulphur, and fungoid gro\l^ths 
also develop. Topf,^^ after sftbjectiiTg*these changes to ex^ct investiga- 

^ C/ifm. Soc., y 3, m 

^ Chem. Z(ii., 2. ^ ^ Z. rtW. 1877, ^7, ^77. • 

Ana^iic(iJ Chemist) 5 t 4 i edition, 1919, volfii., p. 648! 

“ Chem. 1897, I, ^69. * • Z. a>t 8 rg. Chem.^ 1898, l6, 99. 

’ Z. anal, Chem.,, 1885, 24, 546.^ ^ J.praht.JChem,^ 1868, 103, 351. 

® Ber,,, l88f, 17, 642. Chem. Zeit., 1895, 19, 3. , 

Z. angew.JChem^ 1898, ll, 951. 317 ; ^ 905 ) ^8, 1516. 

• Z. a)xal. Chem.^ 1887, 26, 150. ^ , 
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tion, recommends that the solution bcb prepared with well-boiled watef, 
free from carbon dioxide and stored in a cool place, protected from direct 
sunlight; a small quantity of potassium carbonate {not ammonium 
carbonate) should be added, but this necessitates addition of free acid 
to the iodine solution, when titrating. 

TreadwelP states that' all difficulties, due to the presence of carbon 
dioxide, etc., in prepa'/ing and storing thiosulphate solutions, may be 
overcome by dissolving the “pure ” commercial salt in distilled water 
(even if it contains cah)on dioxide) and allowing it to stand for eight to 
fourteen days before standardising. Tlife carbon^ dioxide thus exhausts 
its action, a corresponding amount of slulphur separates, a|>d the solution 
can then be kept for mont^is ^vithout undergoing appreciable change. 
Ammonium carbonate should on no ac?:ount be addod to the solution. 

Plimpton and Chorley^ ^have rccomrhehdtid the use of barium thio- 
sulphate for iodimetry ; it is a very difficultly soluble saltt -Mutniansk) 
has pointed out that a solution -of this salt, sptturatcd at 17"- 5, is 
exactly centinormal. 


Aksenious A(;id 

An alkaline solution of hrsen?ous’oxide is unaffected oxygen, 
but reacts with chlorine as follows v’ 

As, 0 ;.+ 4C1 + 5li.,() -4HCI + 2H3ASO,. 

Bromine and iodine act similarly, in alkaline solution. Hence 
arsenious acid solution may often be used in place jf sodium thio- 
sulphate in conjunction with iodine ; it has the advantage of being 
quite permanent. Its chief application is to the estimation of available 
chlorine in bleaching powder and in alkaline hypochlorites, the end- 
point of the reaction, being ascertained by spotting on starch-iodide 
paper {cf. Bleaching powder, p. 604). 

Pure, powdered, commercial aiyeni^is oxjde ks used In pfi'epaving 
this solution ; it should always be tested by sublfming a small 
quantity from a dish on to a^ watch-glass/ the first portion of, ‘the sub- 
limate shobld not be yellowish, which would 'iiidicatc^ the presence 6f 
the, more easily volatile arseniqu'i sulphide, and toe ,»should 

volatilise completely on heating ,rnorc strongly. The^oxidt should be 
dried in the^exsiccatonover sulphuric acid fo^ so^c time before use; it 
may then beuweighed out without special precautioiis, as it is not 
hygroscopic. ' ^ , ' , ' . „ 

To prepare a decinorsnal solution, oxactly 4'9^8 g. ars«hfous oxide 
is weighed out and boiled with 10 g. pure sodium bicarbonate and 

^ Analytical Chemistry ^ 5th edition, 1919, vqj. ii., pp. 645 and 649. ^ 

- / Chem. Soc.^ 1895, 67, 315. *' Znt, anal. Client.^ 1897, 36, 2 20. 
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200 c.c. water, till completely* dissolved ; lo g. of sodium bicarbonate 
is then added, the solution allowed to cool and diluted to i litre. 

The solution keeps perfectly; i c.c. is equivalent to 0*003546 g. 
chlorine, or 0*012692 g. •iodine. 

This solution will be of correct strength, provided pure dry arsenious 
oxide is used. It may be standardised, tiowever, against pure iodine, 
exactly as described on p. 69, for sodium thibsulphate, and this check 
should not be omitted* when af large quantity of solution is prepared. 

Lunge ^ has shown that sodium arsenitc and sodium thiosulphate 
give identical results and are jqually applicable, 
t V, • * 

* *’ * . 

SiLVEfi Njtkatj;^ a%id AniMflt’NiuM Thiocyanate 

r Silver mitrate sqlution is employed for the volumetric estimation of 

chlorides, by jjre(^pitation as silvsec chloride, using potassium chromate 

* or sodium arscna'te as indicator, in those cases in which rapidity is of 
greater impor.tance th^n -e^^tremc accuracy; it is also applied to the 
estimation of cyanides^ ^he method was introduced by F. Mohr. 
The preparation of ^-his soTtition is extremely simple, as commercial 

^ crystallised silver nitrate is dv^ 3 iid chemically pure, and only requires 
to be dried in the desiccat»)|;, as a* precaution, before being weighed out. 
A dcaMioriwal solution is obtafned 43y dissolving 16*989 g. silver nitrate 
and making up to a^*litre; i c.c. of ' this Solution is equivalent to 
■0*003546 g. Cl, 0 003647 g. HCl, 0*005846 g. NaCl, etc.. 

A solutii>n equivalent to 0*001 g. NaCl per c.c. is sometimes 
preferred; this is obtained by dissolving 2*907 g. silver nitrate per 

• litrcGof solution. 

The solutioitg to be estimated must not contain any free acid ; if this 
is pres^it, if must be neutralised'by sodium cjybonatc. A slight excess 
of cartdn'htft is immaterial, whilst the least excess of acid interferes with 
TT\e ^Sactlbn. FcAir ty ffve ffrop^*of a oald, saturated solution of normal 
(yellow)^3oTassium chromate add^l to the chloride solution, and the 
silver^ solution is then r^u® in, with vigorous stirrjng, until the white 
precipitate l^s acquire^ a reddish colour, which does not disappear on 
stfiiriri^,*the^lour is seen even fe<^tcr by artificial light than in daylight, 
as the ^cllow,c(flour of tVie solution.is' not apparent, whilst the red of the 
precipitate persists.. \Yitfi a decinormal silver nitrate solution an excess 
of about o*2*cx. is required ; tjiiji amount must be sub^tracted^from the 
quaytit^ of tofution used.* The<£olour change is sharper when sodium 
arsenate-[s used a^ indicafoi* and a correction for excess is unnecessary, 
A titrat^pn which has lieen carried too farx:an be corrected by addition 
Njio sodium chloride sofution. 

• • » V, ■ / 

\Z. angent. Chem.^ 1904, 17, 233. 
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• * 

Volhard’s^ m.ethod permits the use of acid 'solutions. A solution of * 
ammonium thiocyanate is required in addition to iV/io silver nitrate; 
this is prepared by dissolving 7-5 to 8 g. of the salt, which is always 
moist, in i litre of solution 'and accurately adjusting it to the silver 
nitrate solution. Once standardised, the titre rdhiains perfectly constant. 

A solution of iron alum (ferfic ammonium sulphate), saturated at the 
ordinary temperature, serves a^ indicator ; 5 c.c. of this are added to 
from 200 to 300C.C. of the solution to be titrated. • To fix the strength of 
the thiocyanate •solution,*' 10 or 20 c.c. silver nitrate solution are diluted 
with 200 c.c. water, and 5. c.c. iron alum solution arjs added ; if a colour 
develops, nitric acid is added until it# disappears.* The ilhiocyanate 
solution is then run into tl^^sliyer solution, with continual stirring; 
the appearance of a ligfit-br^wn coloration, indicate the end-point 
of the reaction, and its obsci*/ation is fac‘ilitafed by tjhe coagulation 
of the silver thiocyanate. Hcnriques has pointed out Kiat the thio- • 
cyanate must always be run into the* ’silver solution, n/t vice versa. The 
thiocyanate solution thus tested is corrected and made up to decinormal 
strength, as described onjx 50. For chloficlb estimations, the solution 
to be analysed is treated with A'/io silver nitral^e until all the'chlorine is 
precipitated as silver chloride and exce.srof silver nitrate h present; 
iron alum is then added and the cxcois 9!’ silver t.itratec! back \Vith Njio « 
thiocyanate. The amount of chloride is giv«eb by the dirfcrcncc between 
the volumes of silver nitrate and of*Lhiocyanatc solutions usfcd. J 

IV.— GAS-VOLUMETRIC ANALYSIS' 

Gas-volumetric analysis, as distinct from gas analysis, com^)rises- 
those operations in whiah a constituent of a solid or hV|uid substance is 
determined by the gener,ation and measurement of a gas. The gas is 
usually evolved by the decomposition of the substance uncK^r'ekamina- 
tion ; for instance, carboi? dioxide ^froI?1*’ lim^stoite, nitrcfgen* Troth 
ammonbim salts, nitric oxide ffom nitVates, oxygen from [peroxides, 
etc. ; sometimes, ho,wever, it is partiafly or entirely generated frofm the 
reagent used,'’as in tho valuation of hydrpgen jperoxide^Ly potassium 
permayiganate. In some instances*,^ tiir displaced by *the g^er».ted 
gas is measured instead of the latter. ^ * # * 

The description of tbe methods ^nd form.si of. apparatus proposed 
for gas-YolumeV«: w6rk is, in this ijeefion, restricted fo such as are 
employed for a number of t differeir t purposes and ai^e in^ general 
laboratory use. Those forms* of apparati/s (Vhich are either. Used only , 
for a special purpose, or in* a particular industry, are describv^d in the 
corresponding sections. * ^ 

^ Anna/efL 1878, 190, 49. , 
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The Azbtometer. 

'This instrument was designea by Knop» for tKe determination of 
ammon.a by the decom*position of its salts with sodium hypobrZite 
and measurement of the liberated nitrogen. It has been improved in’ 
several respects, especially by P. Wagner,* and can be used for other 



ga^jrolu-^etric'' purposes in wffidi ‘measurements 


made 


over 


are di.soded l„„,er a JS'd .““ idreTif/ 

‘ i860, 5, 244. Z w. C / myAtjA , j , jg, • ,8,fi ,c r.e 

^ 2. «»a/. 1870,4,. 225 ; .875, ,4 247! ^ '^r > 5 o. 

» I ^ 
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well-stoppered bottle. The glass cylinder ^,‘of about 20 c.c. capacity,* 
is fused on to the bottom of A, and serves to hold the solution of the 
ammonium salt. The large glass vessel B is for cooling the generating 
vessel to its original temperature, after the decomposition. The neck 
of the generating vessel is rough-ground insfde, so as to give a good 
hold for the rubber stopjjfer, which must be pressed in tightly, and 
must not slip. C is a t^ll cylinder filled with water (to which a little 
hydrochloric acid is added to prevent the growth of moulds), and 
closed by a edrk in wfiich the communicating burettes, c and d, are 
fixed ; it also carries a, small thermometer. The burettes and their 
supply vessel h aPre filled with water, v/hich may be slightly coloured 
to facilitate the reading^ “ f i 

To carry out an estimati(S^n of amrrioniacal nitrogen, 10 c.c. of the 
ammonium salt solution unftfer examination *are introduced into the 
inner vessel a; and 50 c.c. of hypobropiite solution h'lto the outer* 
vessel A, by means of a funnel. The rubber stoi^ber ^is then tightly 
inserted and the vessel placed in B, which -is filled with water. The? 
glass tap / is loosene^ slightly, water '‘iittroduced into the bii*ettes 
c and d by squeezing the rubber, ball i ancl opening the Tap g, and 
then run off through g down to the zero marjvcof the burbtte. After 
about ten minutes the cock wlffch/is slightly greased, inserted' 
tightly, but left open so that A and 4-*Ure in communication. If, 
after an interval of five minutes, •‘che liquid in c' has riseh, th^ cock / 
is again loosened, re-inserted tightly, and th6, apparatus again allowed 
to stand for five minutes. If the liquid has remained at the zero 
mark, the temperature of the generating vessel and*' contents has 
become equal to that of the surrounding water, and no more carbon 
dioxide from the enclosed air is being absorbed by the hypoWomite 
solution. “ a' 

For the decomposition, 30 to 40 c.c. of water arc first withdrawn 
from the burette through g, and the generating vessel rcnioved from 
B and tilted, 'feo that a small 'portidvi ol^'the CF»ntehts of a flows into 
the hypobromite solution, withVhich it is mixed by gently shaking. 
This is repeated until the gr?ia,ter portion* of ^ the ammoniac'af liquid 
has been poured out' and decomposed. Thw tap / ^ then closed, 
the generating vessel thoroughly * shaken, / again opened To allow 
any liberated nitrogen to pass to*t,he burqtte, and this 'repeated until 
the liquid in'c remains'’ at a constant level ;* shaking three times is 
usually, sufficfeftt The generating^ vv^ssel A is then .replaced in B; 
fifteen to twenty minutes suffice fai this Vessel and its conheKts to 
acquire the temperature of the surroundirfg water and for the’ gas in f to 
reach that of the water-jacket C, which is indicted by the thepmometer. 
The tap ^ is then opened untd^the water is at the same Iqvel in c and d, 
and the volume of liberated ^nitrogen, Jthe temperature of the water in 
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C, and the barometric pressure noted. The weight of nitrogen may 
then be calculated. The decomposition is, however, incomplete, possibly 
owing to the formation of hydrazipe.^ 

Lunge - has shown that an addition ot 2-5 per cent, to the volume 
of gas found is a satisfactory compensation factor for this source of 
error. On this basis i c.c. N., at o'’ and ^60 mm. (dry) = 0 001 558 g. 
NII^. This factor is calculated from the observed density of nitrogen. 



Fi<j. ‘J2. 
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rccomnrends the simolificd form of Wagner’s Azoto- 
metht shcfvvn in^ iMg. 22, for tT^dinir.al laboratories, in which' the 
measuring tube is replaced by an vjrdinary pinch-cock burette ; the 
manipulation gf the apj^vatus is in all respects Similar to that described 
above. If mar^^^ analyses have'ito be performed it is .Well to keep two 
or thuce^^uch ^simplified azotometbrs in ifse, so as to save time whilst 
.the origin^ temperature is l>e?ng attained after the decompositions. 

• ♦ • * * 

^ Raschig, Zeit.^ 1907, 2d, 2o6. - Chem. Ind.^ 18S5, 5, 165. 

• • • • 
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The Nitrometer. 

The name “Nitrometer**’ was given by Lunge ^ to the apparatus 
he devised for the determination of nitrogen" acids, by decomposition 

with sulphuric acid in presence of 
mercury. This reaction was made use 
of long ago by*W. Crum^ for the 
analysis of nitrates and of gun-cotton, 
and subsequentlyjn an improved form, 
by Frarnkland and' Armstifong^ for the 
.determination of nitrates in water, and 
by G. F. Davis ^ foi- the valuation of 
nitrous vitriol, but manipulative diffi- 
culties restricted its applicability ; the 
nitrometer has rendered the reaction 
thoroughly practicable, and has thus 
been the means of bringing ii^into 
general use.' 

In t!ie method as originally de- 
vised, the mercury over which, the gas • 
is collect'^6 also takes part in the re- 
action. It has since been' extended to 
many other* ^purposes, in which the 
mercury does not take part in the 
decomposition, but serves simply as 
the confining liquid for the liberated 
gas, and also to determinativijns in 
which the decomposhion is effected in 
a separate vessel and the evolved gas 
collected and measured 'in f he nitro- 
meter. o' ' ■ 

The nitro’meter is sfioij^n in Fig. 
,23 in the foi;m used most for the 
analysis of ly’trous vit^’ol in the sul- 
^.phdyic acid indu,stry, and for ffiany 
other purposes. The tube A hac^a capacity of 50 c/:. ; it is drawn 
out at the bottom and is graduated in yV c.ci , The graduations start 

1 Ber.^ 1878, II, 174 ; 1885, 18, 1878 and 2030 tNeT\^ applications) f«>88, 21 , 376. Dingl, 
polyt.J, 1879, 231, 522 (Tables) ; 1882* 245, 171 (Analysis qf dynamite). Chem. 4, 346 ; 

1885, (New applications) ; 1886, 9, 273 (Analysis of explosives). J. Soc. C^em. Ind., i88a,. 
X, 15 ; 1885, 4, 495 ; 1886, 5, 82;* i ‘888, 7, *-232 ; 1892, ii, ^78. Sulphuric Aci^ and Alkali^ 
2nd edition, 1891, p. 182. Cf. also A. H. Allen,/. Soc.'Chtm. Ind.^ 1885, 4, 178. 

^ Phil. Mag.^ 1847 [iii.],'30, 426. ’’ f ^ -.C Chem. Soc.f 1868, 21, <‘101. 

Chem. IVcm, 1878, 37, 45. ♦ 
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immediately below the 'three-way, tap which terminates the tube at 
the top. This tap may either have a vertical and an axial passage, 
or it may be a Friedrich-Greiner tap with two ©"blique passages, as 
shown in its three positfons in Fig. 24. The latter form closes more 
tightly and is more easil;^ manipulated than the former, and is therefore 
used in the newer forms of the apparatus, ®Above the tap, a beaker and 
a side tube d are attached ; the latter replaces the axial passage of 
the older form of tap.* 'In position A the measuring tube communicates 
with the side tube in position B with the beaker, and in position C 
the tap is closed. , * ^ 

• The measuring tube A (Fig. «3) is connected by mdans of thick-walled 
rubber tubing with the pressure tube B.« "lihcfl^tter is a simple cylindrical 
glass tube of the :femqdian^eter*as the m<^sLiring tube, and drawn out at 





the bottom foP the attachment of the rubber tubing. Both tubes are 
l!eld by clamps, in which they can be moved. 

. • To* use the apparatus, for instance for the assay of nitrous vitriol, 
the tube B is placed so that its lower end is som*ewhat higher than the 
tap on ^A, and mercury is poured in through#B, the tap on A being 
open, undllt Just enters tl^ beaker on A ; as the mercury enters A from 
b®)wVno air-bubbles arc forSied^on th^ sicfcs of the tilbe. The tap 
is then clq^e? and the pressure tubp lowered. 

Th^ nitrous vitriol ijthfti introducqd*into the baaker from a i c.c. 
’pipette dividecLinto c.c. ; in the c^e of very 'strong nitrous vitriol 
0*5 arenised, in of her cases 2 c^. The pressure tube B is 'then 

lowered, *the tep* carefully^ opened* and the acid drawn into the 
measuring tube, care* being taken mqf to admft any air. The beaker 
is then rinsed ^ith 2 to 3 c.c. of •sulphuric acid, frqe'® from nitrogen 
acids,* wl^ch fs similarly drawn <nto th^ measuring tube, and the 
.washing repeated with i to 2*c.c. more of sfllphuric acid. The decom- 
position ia then started t)y rpmoving*the tu*be A from its clamp, and 
thoroughly mj^ing the acid apd mercqfy by repeatedly holding the 
tube almost horizontally, taking care t^at no acid gets into the 

, . • 1! ' ■ ■ ' 
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rubber tubing, and then sharply raising it to a vertical position. The * 
tube is shaken for one- to two minutes until no more gas is evolved. 

The two tubes 'are then placed so that the mercury in B is as 
much higher than that in A is is necessary to compensate for the layer 
of acid in the latter; i mm. mercury is allo\Ved for every 6*5 mm. of 
acid. After the temperatufc has become equalised the pressure is 
exactly adjusted by pouring a little acid into the beaker and 
opening the tap cautiously. If the gas is under diminished pressure, 
which is prefci^ablc, acid will flow into A ; the tap is at once closed 
before air can enter, and the opcratjoii repeated after raising the 
pressure tube ver^ slightly* Ifj on the contrary, thb enclosed gas teivis 
to force its way through ^he ?cid, the tap is closed, the pressure tube 
lowered slightly, and the tapvagain opened., Wjth a little care these 
manipulations can always be successfully carried 
out. The volume ^.of the gas, the •barometric* 
pre.ssure, and ‘the temperature arc then read; 
the latter by means o6 a thermometer, the bulb 
of^which is placed ' c16sg to the pleasuring^ tube 
and near the middle orthc column of gas. 

When the determination is finishedMic measur- 
ing tube A is' ‘loitered, so that ho air Yn^y enter* 
on operiing tne ta^i', and the gas expelled by 
raising the pressure tube. The acid is cupelled, ‘ 
either through the sid.e ,.tube d (Fig. 24), or 
through the axial passage in the older form of 
tap, and the last traces removed wiih filter paper. 
The nitrometer is then ready for the next detei'- 
mination. Details with regard to the calculation 
6f the amount of nitrogen compounds from the 
volume of gas obtained iire given in the section on “ Sulphuric Acid.” 

The analysis of nitrates or of nitrites soluj^lc in water, *T;o' determine 
the total nitrogen, is carried out .simiharly'as is described in fhe aMal3?5is 
of sodium nitrate. Where a solid sol liable in 'water is to b^ analysed, 
the weighed ^substance is intrdtlyced into tlK‘ .beaker, dissolved there in 
a very small quantity ‘^of water, t|ie solution d»Ewn intcythc measuring 
tube,* the beaker rinsed with ,con*(j6ntrated ^ sulpjiuric aci«], and^the 
decomposition carried out as dcs«rjbcd. ^ * * * 

In the analysis of l>ubstanc(^s insoluble dp water but soluble in 
strong •sulphurffc^ ac'id, more espeoiaVy dynamites and pyroxylins, 
for which purpose the nitrometer* is nolv almost al)^ays jused, the 
solution in sulphuric acid *is also carried out ir the attaefc^^d beaker.. 
In order to avoid loss* of nitrous fume^ the device , shown in 
Fig. 25, due to Lunge,^ is used^. The beaker of the nitromctqr is closed 
* (Shem, Ind,y 18 ^ 6 , 9 , 274 ., 
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T>y a rubber stopper provfded W 4 th an S-t^be, ending above in a small 
funnel. The substance is placed in the beaker, and concentrated sulphuric 
acid introduced through the funnel. The lower Jbend of the tube 
naturally remains full of ‘sulphuric acid, which prevents the escape of 
nitrous fumes, and which ^ows into the beaker, as the acid in the latter 
is drawn into the measuring tube. • 

It is immaterial whether an insoluble powdor, such as kieselguhr in 
the case of dynamite; or some* undissolved saltpetre, etc., remains, as 
this is sucked into the measuring tube with the liquid ; in the analysis 
of pyroxylin it is, ho\vcver, be*ttgr to wait till.it 
ha» completely dissolved in the beaker. ^ 

Nitrates and esters of nitric acid, sucb nitro- 
glycerine and niti^celJulosQ^ caVi be analysed in 
the apparatus shown in Fig. 23, but a high Qegrec 
< 5 f accuracy is •not obtainable^ as not more than 
40 c.c. of gas^can be measured.' ‘-By using a 
inodified form, the “ nitromaeter for saltpetre,” 
sho\^ii%Jn Fig. 36, an accufacy of^o-i per ceij^t. 
may be detained in these determinations. In 
this form a 'larger space /or gas is provided with- 
••out making: the apparatus inccTpvttiieiitly long, 
by means of a bulb of neafly ijDO c.c. capacity, 

*below v^hich*the graduations extejid from 100 
c.c. to 130 c.c. , * * 

In Fig. 27 a form of nitrometer is shown 
which may be ^ised for determinations in which 
efther a small or a large volume of gas is 
evolvec#. As it cannot be made as short as the 
forms shown in tigs. 23 and 26, it is not so* 
suitable^ for shaking, but it is well adapted fev 
use in conjurTction with decomposition bottle 
or^s- a gas-volumeter (c/. / ' • • 

When ijitrous and nitrtc acid compounds are decomposed by shaking 
in the ifleasuring tube jij^sejf* with mercury and sulphuric acid, a layer of 
sulphuric acid fjially rcrr»ains between^ the gas an'd the mercury, which 
has be^ allowed fo/ in^ adjusting^ the^ pressure for the final measure- 
ment, as stated# aBove. Th^s causq^*no special ‘difficulty as a rule, but 
when considerable quantities of ,su/)stance Are decomf)osed, much 
frothing sometimes occurs ; on ddirtion with watei^ whith is sonjetimes 
unavoidable, sulphate of mircury ^is precipitated, and in the analysis 
pf dynamite the kieielguhr floats on the acid, etc. These factors make 
the final adjustment and* measurement uncertain and inexact. It is 
therefore advisable, for instance in the^unalysis^ of saltpetre and of 
• explosives, to use a separate decomposition vess*el, with an attached 

. • - * !• ' 
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pressure tube,, as in the gas- volumeter. ‘The gas is then always 
measured over a sharp meniscus, and the volume can be read with the 
greatest accuracy. 

The same considerations apply to all those methods of analysis in 
which the nitrometer is used in conjunction^with an attached decom- 
position bottle, as shown in Fig. 28. The substance to be decomposed 
is placed in the outer annular space, and the decomposing agent in 
the inner vessel, which is fused on to the* bottom of the bottle. 
After replacing the stopper, the bottle is connected with the tap of the 
nitrometer, the measuring tube of vvhicji has been, completely filled with 
mercury ; the stoppej is again loosenetl, to make sure thit there is* no 
excess of pressure in the g^n^rating bottle, and the mercury in the 
nitrometer readjusted to zeo“0, if necessary, by moving the pressure 
tube. The tap of the nitrometer is then turned so as to connect the 



measuring tube and the generating bottle, and the latter tilted, so that 
the liquid in the inne;’ vessel flows into the surrounding ^acc. In 
doing this care must be taken that the bottle is not warmed by the 
hand, and this applies also to the irubsequent 'shaking to promote tbe 
disengagement of the gas ; it is safest, especially if heat is ^evolved, as 
in decompositionr by the sodiym hypobromite method, to place the 
generating feottle up to the necl^in a beaker t>f water, before and after 
the reaction. As the ^mercury ^in the measuring tube is dtpresstU by 
the evolved gas, the pressure tube isjowered accordingly, to prevent any 
excessive pressure ; it is sometimes advantageous^to lower the pressure 
tube considerably towards the end of t>he reaction, in order to facilitate 
the removal of the gas. *After the original temperature ..-has been 
attained the mercury is brought to the same lcve<l in botk‘ tubes, and 
the volume of the gas read, together with the temperature and pressure. 

In reducing to 760 mm. pressure, it must be borne in mind that the 
gas is moist, and not dry, as is usually the case in working with a • 
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nitrometer; since it is always* generated from dilute solutions, the 

tension of the water-vapour may be considered equal to that of pure 
water at the same temperature. * 

The reduction of the Volume of gas to normal volqme is calculated 
most easily by means of tlie Tables II. to IV., appended to this volume, 
which were specially compiled for use with* the nitrometer by Lunge ; 
the calculation can also be done by reversing the formulae on p. 85. 

The numerous applitations ‘of this form of the nitrometer include 
the valuation of potassium permanganate solution (p. 66), the analysis 
of bleaching powder^ •majiganesf dioxide, potassium ferricyanide, lead 
peft)xide, nitraus acid,^ hydrogeif peroxide, the determination of carbon 
dioxide in carbonates (preferably by Limgc an^ Marchlewski’s method), 
of nitrogen in amm(»ni^imt jafts, in ureft (ureometer), and in diazo- 
compounds, the control of the strength of acids by liberation of carbon 
dioxide froih carbonates, the \ialuation of zinc-dust, the examination of 
chromates - anc^the titration of iodiiio solutions.^ 

• The nitrometer can atso^be used as an absorptiometer,^ as an 
app^atus for reducing th^.VQlume of gases to oS and 760 mm. pressure,^ 
although the gas-volumeter i% far pr-eferable for this purpose, and for 
gas analysis wor|j;''' also for the^ collection and analysis of gases 
‘^dissolved in water, ctc.'^ • * 

Thf Gas-VoIum6ter.® • 

• • 

This nam^ was given by Lunge to an apparatus, by means 
of which the reduction of a volume of gas, either wet or dry, to any 
required normal conditions, usually, of course, to o'" and 760 mm. 
pressui^, is effecj;ed without observation of the temperature and 
pressure, and ^itlrout calculation or reference to tables. 

The , [principle of the apparatus is to enclosed known volume of air, 
at^uch^a pr^essure that it 4 al^^ up exactly the volume which it would 
occupy at and 760* mm. pj;ei^ure.^ * If *the same pressure and 
temperatune are then applied to. another volume of gas, thfe will 
^Iso take up the vo1uqi 4-‘ wJiich it would occupy^ at* o"' aqd 760 mm. 
pressure. This ^onditioif is attained by confining the known volume 
of air*in a^‘^reduc^Joi> tube ” to which a^pressurq tube is attached,*and 
placing the latter in such a fK)sition*tTiat the gas in the reduction tube 
is brought to ^he volumt it would occupy under normal conditions ; 

• * * * 

^ Riegler, Z. ana§ dhem.^ 1897, 36,^65. ^ ^ 

^ A. Baflfllann, Z. angew. Chem,^ 1491,4, 135, 198, 339.^92. 

• ^ Z. angew. Chem., 1891^4, 203, 328, 450. •* C^em. 1885, 8, 162. 

® Chem. Ini.. 1885, 8, 163. • * ** Ihut.., 1885, 8, 1G9. 
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• ^ I 

the reduction ^ube is also connepted with the gas measuring tube 
by means of a T-piece, and by adjusting the level of the mercury in 
the two tubes to the same height, tjie volume correction is applicable 
directly to the gas in the m&asuring tube. 

The apparatus is shown in Fig. 29. The three tubes, A, B, and C, 
are connected by means of*a T"picce and sufficiently long thick rubber 



Flo. 29. Fia. Sif. 
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tubing, and ‘are held to a stand by clamps, in w which they can be moved 
in a vertical difyction. The tube Ai-is the measuringj tube, and may 
be a nitrometer of any form, a Biivite burette, or any other^^pparatus 
for the measurement of gases. The second tube, B, the so-called 
reduction tube, is enlarged to a* bulb at the top; the first*graduation 
is below the widened portion of the tube, and indicates a volume 
of TOO C.C., and the lower cylindrical portioji of the tube is graduated • 
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in C.C. for another 30 to 40*c.c The tube is set, once for all, by 
observing the temperature and pressure, calculating the volume which 
100 c.c. of dry air would occuoy under the oteerved conditions, 
bringing the mercury to* the corresponding division, jand closing the 
tap above the bulb. If the tap is air-tight the reduction to 0° and 
760 mm. pressure has been permanently fnade; an alternative is to 
provide the upper end of the tube with a capillafVy, which can be sealed 
off, after the volume h^s’been correctly adjusted. 

This form of reduction tube was subsequently modified by Lunge 
and replaced by a c^ilindricaf t^be in order to bring the volumes of 
endosed gas lis far as possible .into a parallel position, *and the pressure 
tube, C, by the form shown in Fig. 30, which 'requires less mercury. 

If moist gases* are> to b^ measured in^the measuring tube, a small 
drop of water mwst be introduced into the reduction tube ; if dry gases 
Ire to be nlelsured, e.jf., nitric oxide generated over sulphuric.acid in 
the ordinary ijitrometer, a drop of concentrated sulphuric acid is 
introduced into the reduction tube, but never in sufficient amount 
to merse than fover the«^,to^ of the mercury* meniscus. The gases 
must be measured either quit^dry or saturated with moisture. 

formula for dry ga^s,^* Vj V,, (^73 + 07^0 

* Formula for moist gases,: •\^i =- V,, 

Where V, = VoKirhe of gas required. 

= Normal volume of gas. 

t - Observed temperature. 

B ^ Observed barometric pressure. 

/ Tension of water-vapour at observed temperature. 

. *• 

1 o a^d^ust the reduction tube, the temperatuite is observed by means 
of a thermometer suspend(id by the side of the tube, and the barometric 
pressure rea^. The vokme ^ whibh loac.c. ^f gas at noi'mal tempera- 
ture and pressure will occupy, at the observed temperature and 
pressure, either dry or^^oisf, is then calcillated, either by rneans of the 
above formulae pr from rtie Tables Il.^to IV. appended to this volume. 
The^ressufe tube^is ^heq^djusted*^ tl^at the n^ercury in the reduction 
tube is at the oalculated gr§duatioe,*and the tap. closed. The instru- 
ment is then rgady for us«. . , * 

Dry gases c^n^ if desired, be measured with a wet reduction tube, or 
vice versQ^ In the former case the*temperature is observed, the corre- 
sponding vapour-tension / in mm. founcf ‘from Table IV., and the 
mercury in the measur/hg ^tube plax:ed /*mm. higher than in the 
reduction tube^ after the volum§ in the l^ter has Ijcen adjusted to 100 
c.c. This is facilitated by using, measuring tubes in which each cjc. of 
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the graduation corresponds almost exactly with lo mm. length, as the 
use of a measuring scale is thereby avoided. When a dry reduction tube 
is used for moist '’gases, the mercury in the measuring tube must be 
placed / mm. lower than iii the reduction tube, in which the volume 
has been adjusted to loo c.c. ' 

An alternative plan for comparing dry gases with a moist reduction 
tube is to moisten the gas in the measuring tube by drawing in a drop 
of water; this is preferably done before the gas -is collected, but it can 
also be done' afterwards with careful manipulation; for the reverse 
comparison a drop oi concentrated sulpnuric acjd is used. In neither 
case must more \iqu^id be added thap covers thd top of the merc?iry 
meniscus. , «. 

The three tubes. A, fr, Cv'Fig. 29), are connected with the T-piece 
D by very thick-walled rubbbr tubing of 13-5 mm. external and 4*5 mm. 
internal diameter, which withstands the pressure of the mercury withou;: 
being distended and does not need binding with wire, especially if the 
ends of the tubes are enlarged a little ; it is easily drawn over tubes o{ 
10 mm. or greater diam^,ter. All three tubes are held ip strong^mps, 
so that they may be moved vertically with' friction, but do not drop 
down by their own weight. • * 

When any gas-analytical or ^as-Volumetric operation has been" 
carried out in A, the volume of gas is no/- Vead in the ordinary manner, 
after adjusting the mercury in A* and C to equal levels.' This adjust- 
ment is only made as a preliminary step wh'en an auxiliary generating 
bottle is used, as in decompositions by sodium hypobromite or hydrogen 
peroxide, or in carbon dioxide determinations, etc. ; in* these cases the 
mercury levels in A and C must first be equalised, in order to bring the 
gas in A to the ordinary atmospheric pressure. The tap of A<is then 
closed, without reading off the volume of contained gas. ^ If the gas has 
been generated in A itJGelf, or has been transferred from another vessel, 
this adjustment is of course unnecessary, before actuahy'reading the 
volume of gas in A, the three tubes ai^e so‘adjustfd that the rnercufyin B 
stands at the 100 c.c. graduation and the levels in A and B arp the same. 
The gas volumes in A and B1;hen correspond jto such temperature and 
pressure that their volumes are equal to those ♦vhich they would occupy, 
when dry, at 0° and y 6 o mm. ^ores.s’ure, since^ thi^ condition has'‘*been 
ensured once for all in the case of B, and \\\c gas in A is at the same 
temperature and the sa^ne pressure, » ^ ^ 

The requird'd^, adjustment is mos^t quickly and easily carried out in 
the following manner. Th© tube A*'is fixed in its clamp whilsjJ^Buand C 
are raised, C to such an* extent that fhe mercury in B Jises to thq 
graduation 100 c.c. ; B and C are then lowered simultaneously, so that 
the difference of leyel of tb^ mercury jn the two tubes is rpaintained, 
unt[l the mercury stands at equal levels in A*and B, in tfie latter still at * 
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*he 100 c.c. graduation. The adjustment will usually be found to be not 
quite exact, and a slight movement of B will probably be necessary to 
complete it, but this double adjustment only requites a few seconds 
longer than the ordinar;^ adjustment of the pressure, tube of a gas- 
burette. 

The simultaneous movement of the reduction and pressure tubes 
is advantageously effected by the use of a forl^ed clamp such as that 
shown in Figs. 31 and* 32. 

This consists of two cork-lined clamps supported by a cast-iron 
fork. The smaller ciamjD ^*I^lds the redaction tube (below the 
10® c.c. grad fiation), and the larger, < 5 , the pressuiie tube. The fork is 


fastened to the stand by means of swi i)r(linary boss r, shown on a 
larger scale in Fig^ 32„whic^^ m^y be strcif^tSened by a spring. After 
the gas-analyticaj operation is finished, the adjustment is made by first 
bringing the* reduction and pressure tubes to the approximate level of 
the mercury in ^he nieasuring tube. The pressure tube is then moved 


i» its clamp until the mercury 
in tl^t reduction tube stands djcactly , 
at the loS* c.c. graduation. ^The 
forked clam'p is then rApvcd as a 
“•whole, bynteans of the boss c, uiijil** 
the mercury levels in t)jc rocluj:- 
\ion and^neaAiring tubes arc equal. • 
The whole adjustment .oafy takes 
a few seconds^ and is much easier 
than when separately movable 
cl’amps are used. 



Km 81 




Km. 8'J. 


' Lulfge ^ has devised a mechani- 
cal stand, which \s extremely convenient for rnanipulating the gas- 
volumeter, and which is applicable to all forms the nitrometer. 

Specif tofms of the gis-volumeter have been designed by Lunge, ^ 
for^ thV dcT^minafion •of nifroge^ in ’elementary organic analysis, 
and by T,unge and N'euberg’^ /or the determination of V^apour 


densities. ^ , • • * • ^ 

When the gc^-volumeter is in daily^use for a specific determination, 
the ^aduations on tjie g^easurin^.fube may b^ made to correspond 
with definite weights in n^. of Uifc constituent: determined, or to 
percentages, w]^ien a^efinite weight ^of initial material is taken for 
analysis. Such^graduations may efther replace the divisions into c.c. 
or maji Ij^ placed alongside tliem. • • 

. Special graduation of tfie* measuring tifbe is unnecessary, if the 
quantities .given in the •following table are used for analysis ; an 
ordinary n^eas^ring tube, divide^ into jV J can t^en be employed. 


1 Z. angew. Chem., 1892, 5, 678, • “ AW., 1890, 23,^446. 2 ^ 7^9. 
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Table for the Conversion of Vblumes of Gas, obtained in the 
Gas-Volun?eter, into Weights of Active Constituents. 


1 

2 

3 

4 

5 




Gas 

Evolved. 

1 c.c. Oas = 

Substance Analysed. 

- Active Constituent. 

Method of Analysts 

Active Con- 
stituent in iiig. 

Organic substances. 

Nitrogen 

Dumas' method 

No 

1-2507 

Ammonium salts 

‘ Do. 

With sodpim 1 
^ hypobromi j j 

No 

1-28191 



•ii 


Do. 

Ammonia 

Do. 

No 

l-6582>i 

Unne 

' ^ Urpa 

Do. 

No 

2-9561 

Bone-chaicoal, marl, etc. 

' Carljon dioxide 

1 Decomposition ) 
q by IICI J 

COo 

1-9768 

Do. 

('.ilcifim carbonate 

Do. 

COo 

4-4968 

PyiolusiUe 

Manganese di<».\Klc 

With 1 [.A, 

' 

3-8825 

Bleaching powder 

Chloimc 

Do. 

0./ 

3-1675 

Potassium permanganate 

Oxygen - 

Do. 

Oo 

0-7146 

Chili saltpetre 

Sodium nitrate 

In nitrometer 

NO 

3-7986 

Nitrous vitriol 

N.,0, 

' Do. 

NO 

1-6974 4 

Do. 

UNO, 

’ ' Do. 

_ NO 

2-8.Ci3 

Do. 

1 Nitric acid of sj). ) 
t gr. D33 J 

‘ Do. 

NO- 

' 5-3771 

Do. 

Sodium nitrate 

Do. 

NO 

3-7963 

Nitroglycerine, dynamite, etc. 

Triniiroglycenne , 

Do. 

NO 

3-358 

Do. 

Nitrogen*’* 

Do. 

NO ' 

0-6257 ' 

Nitrocellulose, pyro.xylin 

Do, 

. Do. 

NO 

0-6257 


^ The'^c values arc torrecteJ for llic “nitrogen absorpMon”; 2.5 per cent, in ilic case of 
ainmoniuni salts, and 9 per cent, in the case of u.cm. (f/ p. 77 .) 


The table comprises a number of substances, spectiiecl in the first 
column, which are frequently examined by gas-volumetric methods. 
The second column gives the “ active constituent ” of the substance 
analysed ; the third column, the analytical method employed ; the fourth, 
the nature of the evoked gas; the fifth, the weight of “active con- 
stituent” in mg. corresponding to i c.c. of d»'y gas at o'* ahi 760 mm. 
pressure. It one hundfbd times f?ie quantity of substance given’ in 
colurrin 5 is taken, then the number of c.c. of g*as obtained is numerically 
equal to the percentage of the active conititupnt. In some cases it is 
necessary to use a larger quantity of substance, and then i c.c. of gas 
represents, of course, a correspondingly smaller pprccntagc.' 

The data given in this table are based on the observed densities of 
the gases concerned, nbt on the vrlues calculated from the molecular 
weights, which* do not take into account the deviations from Boyle’s 
law. .1' ^ ^ 

Japp ^ has shown, that' by suitably adjusting »the position of the 
reduction tube, the volume of gas in the measuring tube may be made 
to indicate the weight of ^active substance present, without further 
, ^ /. Chm, Soc., 1891 , 59, 894 ; cf, also L-inge, 1891 , 24, 1656 and 3491 . ’ 
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^calculation and without * special graduation. This proposal seldom 
offers, however, any advantage over the above method of working. 

The principle of the gas-volumeter has been applied by Lunge and 
Marchlewski to the exart estimation of carbon dioxide in carbonates ^ 
and to that of carbon in ifon and stecl.“ 


THE CALCULATION OF ANALYTICAL RESULTS 

4 

, Means w^iich shorten* the caftulations of analyticq,! results, especially 
if they also contribute to the avoidance ,pf efror, greatly facilitate 
the work of a technical labc^vatory. I^uf.ogure logarithms are not 
sufficiently accurate f’oi^m'brt work, as t^e fourth place is uncertain, 
^ut five-figyr(ft logarithms almost always suffice. Ready-reckoners are 
preferred by many, and the sfide-rjjle can be very advantageously used 
{or many technical calculations. Tables specially calculated for chemical 
pui^^oses are a still morc^co4iK;nient adjunct to analytical calculations. 

Pu^isiied tables are rtathrally not adapted’' for every class of work, 
and it is often conveni^it to prepare* special tables of factors for specific 
calculations such*as those givow ip^the stiction on “ Sulphuric Acid,” or 
for use with the nitrometer^g. 

• It ii a general rule?, in both scientific and technical analysis, to 
calculate to one, and onl;^ one figure beyond th'At which can be regarded 
as significant. If a method is reliable to within one-tenth per cent., the 
percentage rft^ults should be given to not more than two places of 
(decimals. If, however, an ore is valued in percentages only, it is 
often .idvisable to give the analytical result in whole percentages, or 
at most to one-cjtiartcr or one-tenth per cent., so as to avoid confusion 
in the sales. * • 

The*iT Tire two cjuite different cases which must not be confused 
iirthte*contiection.« If Jhe nlflin ccyistituent of a substance, representing 
perhaps 50^80, or 90 pec cent. t)f the total, has to be determined, the 
percentage will practically «fiever Se given to more ^than two places of 
decimals, as even th^*^rst place will only occasionally be reliable. 
In 4nost other cases, also, it woxild 'be useless, or even misleading, 
to give ^he gertentag?* to more tjiah two piaces of decimals. But 
where a constituent Jias^ to be determined which only oicurs in very 
small amount such as gold ii\ quar\z, phosphorus ir> steel, ammonia 
in wafer, and fhe like, it istieccssary to give the result to a hundredth 
or even to»^a thousjyndth prt cent, of the original substance, provided the 

e 

^ Z. an^ew. Chem,^ 1891, 4, 22g ; 1893, 6, 395. /. Soc. Chem, Ind.^ 1891, 10, 658. 

Of. S/ajt/ ufi(^ Eisefi, 1891, II, 666 ;,l893, 13, 65^^; , 1894, 14, 624 ; also, Z angiw, Chem.^ 
1891, 4, 412. 
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analytical methods employed are sufficiently 'accurate and a knowledge 
of the exact quantity. is important. 

The choice of tthe atomic weights to be used in calculating the 
results of analyses is an important consideratten. New determinations 
are constantly being made, and within recent^ears many fundamental 
figures, e.g. the ratio H : 0 =‘ i : 15-96, which had long been considered 
absolutely reliable, hava been found to need revision ; nor can work in 
this direction be regarded as final. Many chemists were accordingly of 
the opinion that it would be an advantage to use approximate atomic 
weights for technical purposes, as tbes| a're less likely to be affected by 
subsequent determinations. The tables prepared 'by the Snternatioftal 
Committee on Atomic Wergl^s lf»ave removed any objection to the use 
of the values now regard^ ac the most?' accurate., Phe atomic weights 
are all calculated on the basi^ 0= 16, as tliis is the only one likely to be 
adopted internationally for analytical purposes. * * 

The table opposite is that approved by the International Committee 
for 1921. 

Literature on Volumetric Analysis . 

Fresenius, ^.—Quantitive Chcmilal Amfysis, 7th eijtion. Vol. i. tLinslated by ' 
A. Vachcr, 1876; vol. ii. translated b*/ C. E. Croves, 1900 
Gooch, F. A. — Methods in Chemical Analysis^ 19^2. < 

Sutton, F.— Volumetric Analysis, i ith 'edition. 

Treadwell, F. F.— Analytical Chemistry ^ translated*- fsoni the German by W. T. 
Hall, 5th qdition, 1919. 
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International Atomic Weights (1921)/ 


Aluminium . 
Antimony . 
Argon 
Arsenic 
Ilarium 
Bismuth 
Boron 
Bromine 
Cadmium 
Csesium 
Calcium 
Carbon 
<Jerium 
Chlorine 
Chromium . 
Cobsdt 
Coliimbitftii, 
Copper 
B)ysprosium 
'^Erbium ^ ' 
Europium . 
•Fluorine . 
Cadoliniufn 
Gallium 
Germanium 
Glucinum , 
Gteld . 

Helium^ , 
Holmium . 
Hydrogen . 
Indium 
Iodine • 
Irifiiunf* . • 
Iron . < 

Krypton . • 
Eanthaniim 
Lead 

Lithif^i . • 
Lutecium * 
Magnesium 
Manganese • 
Mercury 


ayra4>ol. 'A.tomic 
weight. 


At 

27.1 

Sb 

120-2 

A 

39-9 

As 

74-96 

ha 

137-37 

Bi 

208-0 

B 

lir 

10-9^ 

79-93 

Cd 

112-40 

Cs 

132^1 

(•a ^ 4p-o7 

C 

12-005 

Ce 

'4P-25 

Cl 

35-46 


Cr \ 52-0 
Co . ^.97 
Cl) ^3.1 
Cu (^V57 
•py 162-5 
•Er 167-;^ 
Ell «C2-0* 


. 7 

• 

19-0* 


, ^ 57-3 

. •Oa 

70-1 

. ( le 

72-5 

. G 1 

9-1 

. All 

197.2 

. He 

4-00 

. Ho 

*63-5 

. H 

1*008 

. In 

114-8 


126-92 

55-^1 

82-92 


I 

F.e 
Kr 

• •f-'f ^139 0 
l*b 207-20 

u 6-94 

i^u 175.0 1 

Mg *24.32 \ 

Mn 54.93 -J 

Hg 200-O T 


Molybdenum 
N eodyn),ium 
Neon . 

Nickel 

Niton (radiunj emanation) 
Nitrogen . 

Osmium 
Oxygen 

BalladiurQ . ; * 

PhTisphoru.s 

Platin^i-/' . ■ ■ ■ 

Potassium . . 

I Praseodymium . . • 

• Radium . , ’ 

I Rhodium . 

Rubidium . . ^ 

’ Ruthenium - 
Samarium 
Scandium 
►Selenfum 
Silicon 
Silver. 

Sodium 
Strontium 
Sulphur 
Tantalum . 

Tellurium . 

Terbium 
Thallium 
Thorium 
Thulium 
Tin . 

Titanium ^ 

Tungsten . . * 

Cranium . 

Vanadium . . » _ 

Xenon . \ 

'Ytterbium (Neoytterbium) 
yttrium . -f . 

Zinc . . - 

Zirconium . ^ . 
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Symbol. •Atomic 
weight. 

Mo 96-0 
Nd 144.3 
Ne 20-2 
58-68 
222-4 
14-008 
190-9 
16-00 
Pd 106-7 

p 31-04 
Pt I9S-2 

K 39-10 
Pr 140-9 
Ra 226-0 
Rh 102-9 
Rb 85.45 
Ru 101-7 
Sa 
Sc 
Se 
Si 


Ni 

Nt 

N 

Os 

O 


150.4 
45*1 
79*2 
28.3 
Ag 107-88 
Na 23*00 
.“^r 87.63 

-S 32-06 
Ta i8r-5 
Te 127.5 
Tb 159.2 
T1 204-0 
Th 232-15 
Tm 168-5 
Sn 118.7 
48-1 
184.0 
^238-2 
51-0 
Xe 130-2 
Yb 17^-5 
Yt 89-33 
Zn 65.37 
^r 90.6 


Ti 

W 

U 

V 



ELECTROLYTIC METHODS OF CHEMICAL 

ANALYSIS > 

» • 

By H. J. S. Sand, D.Sc., Plur*., (f'.I.C., HeadT of tjie Departn^nt of Inorganic and 
Physical Chemistry, The Sir jV>hn Cass Tcchrtical fnstitute, Aldgate, London 

• • 

I.-THE ELECTROLYSIS OF MjETALLIQ SALTS 

Electrolytic methods applied to chemical analysis have rendered 
many determinations accurate and rapid wliich are difficult to carry 
out by ordinary gravimetric and volumetric prrjcesses. These methods 
have in some instances, typically^J.n ,the case of copper and nickel,"" 
been adopted as recognised methods' of anaTysij; in technical laboratories, 
and in others as useful ^alternativtj ^^rocesses to the ordinary dtialytical 
procedure. During recent years the applical'ility of electrolytic methods 
has been much extended, and the conditions of deposition have been 
very fully investigated, especially from the standpofnt of modern 
developments of electro-chemistry. 

This section consists of an account of the methods availifble for 
electrolytic analysis, of the apparatus employed asd gf the general 
conditions applicable ^o the solutions in which the electrolysis is 
effected. The more specific details of th^ conditions* under which 
the methods' are used ‘in inctividVial estimations will jie given *in 
the respective sections, especi*ally , in that "on Non-ferrctis Metals 
(Volume ly . • 

As a rule a rnetal is deposited from a sOTution of.one of its salts 
on a> cathode of platinum or cithei*, "suitable jrietal, and wdSghed!* By 
varying the electrical conditions ^;id the viature of tl«i solution, first 
one metal and then another m^y .often be •pret:ipitat(;d quantitively 
from a.given lii^iyd. * • • 

Sometimes, on the oth«r hand,* the electric current is ecnployed 
to bring about changes in ‘the solution adjoining the electrodes, which, 
lead to the precipitation oh the latter of^insOluble substances suitable 
for quantitative determination. Thus^ when an electgric current is 
passed under suitable conditions thorough .the solution of a salt of • 
^2 • • * 
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bivalent lead, a deposit of lead peroxide is precipitated on the anode, 
most probably as a result of the formation of salts of quadrivalent lead in 
immediate contact with the electrode. In a similar manner manganese 
may be precipitated as hydrated manganese dioxide and then brought 
into a condition suitable fdr weighing. Again, when an electric current 
is passed through the solution of a molybtlate, reduction takes place 
which leads to the quantitative precipitation on the cathode of hydrated 
molybdenum sesquioxide. 

• 

. II.— Aai’ARA?*US EMPr.0VED IN ELECTROLYTIC 
ANALYSIS , 

‘ I. Current Si^iy. 

• ^ 

• Where aeclfmulators are nqt available, and when onl)^ small currents 
are required, b^tterfes composed of primary cells may be employed. 
Tihese should be of a noi>polarisable type, such as the well-known 
Dariiell^or Bupsen cell •^I'herrrjopilcs are^ sometimes employed. 
These can^be obtained commercially to give currents of up to about 
3 or 4 amperes through an external resistance of about o-6 ohm, 
*^the voltgg^ on open circuit about 3 to 4 volts. Wherever 

possible^the use of accupufaWrs is, however, to be recommended on 
"account /of the constancy and m^gfnitude of the current that may 
be obtained from thenv %*rwo or three cells connected in series will 
give a voltage sufficient for most purposes of electrolytic analysis. 
Where electrief lighting or power mains are available, the charging 
is* usually carried out by means of motor-generator sets, which can 
now b% obtained in very small units. It is often found convenient 
to dispense witfi secondary batteries altogether and to employ 
a motor - generator direct, thougli the steadiness of the current 
will be som^hat reduced thereby. Where continuous current for 
lighting is*^availaRle, pla^ frCquenl'Iy adopted, particularly for 
occasional, electrolysis, consists in, connecting the electrolytic cell to 
the mains through a ,ba«l<-resistance. Though the* latter may be of 
any of the usual typesy suitably chosen in regard to resistance and 
carrfing capacity^ th,e form most* frequently used is that of a’hmp- 
resistance. Tliis consists o^lamps pkced in holders fitted to a wooden 
base and connected in parallel. Where procurable, old carbon-filament 
lamps are employed on account of the large current, they take The 
current ^^s varied by altering th* numb<er and size of the lamps. 
.When deciding to *vork on this plan, the' fact must not be forgotten 
that the voltage required for electrolytic ahalysis is usually about 4, 
whereas that of most lighting circuits is about 200, so that approximately 
• 98 per cent. of the power /aken from the mains is wasted. 
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2 . Regulation and Measurement of the Current. 

In nearly all. cases a back-resistance, of which there are many 
suitable forms, is employed to regulate the current and to prevent 
short circuits. ' • 

Except for routine work in which all the conditions are exactly 
repeated in each analysis, the current should always be measured. 
For this purpose an ammeter of the movingrcoil type will be found 
the most convenient to employ. Such an instrument may be briefly 
described as a technicaj form of t,he w6ll-knowp d’Arsonval galvano- 
meter which has keen placed on a suit5\)le shunt. ‘The main advantages 
of moving-coil instruments are, tjiat they have a practically uniform scale, 
are always made so as tV^be€dead-bcat,^an(j^ are almost independent of 
the way in which they are^set up; a efisad vantage Js their slightly 
greater cost compared with instruments of the so-called gravity ” type. 



The measurement of the voltage between anode and cathode is 
often found of value. This voltage is the algebrai^ sum of*(i) the 
potential difference between anode^ and electrolyte,* (2^ that between 
electrolyte and cathode, and (3) that required to force ^tl^e^ current 
through the solution between anode ar|c[ cathode accor( 5 ii]g tq Ohgi’s 
law. It will thus be seen tb^t eJ^cqpt wher6 (i) and 43 ) are fairly 
constant, a condition by no meaiis usually fulfilled in ^electrolytic 
analysis, tl],e voltage between the electrocle^j not a direct measure 
of (2), which is the quantity of analytical ‘interest, . Justification of 
its measurement is to^be found in^tfie fact tkat k gives a g^neraTidea 
of the course of electrolysis, and tbit it is simple to make. 

As with ammeters* the bes^ type of voltmeter 1^) employ will 
probably be foiyid to be one of ‘the moving-coil /:l^ss. In design 
these instruments are si.^ilar to* the ^mmeters, except •tlmt the 
measuring device is placed in series with a high resistance* instead of 
being put on shunt with a very low one. * * 

Fig. 33» leaving .out the* jotted portion, illustrates Jhe electrolytic 

circuit thus far described. 

% • 
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3. Electrolytic Analysis with Control of the Cathode-potential. 

As has already been pointed out, the potential difference between 
anode and cathode is oftly of indirect interest. Where separations 
of metals from each other have to be carried out, the potential differ- 
ence between the cathode and the electrolyte becomes the governing 
factor. To obtain a correct measure of this, a non-polarisable auxiliary 
electrode must be employed which is placed outside the lines of flow 
of the current. If thejatter is’r^ulated so that the potential difference 
between the fluxiliary electrode <ind the cathode Js M:onfined between 
certain definite limits, it is often possible Jto'restrict the action of the 
current to one sfligle electrolytic procesf^j^ch as the precipitation 
of one metal fr©m a .solution of several or to obtain metal only 
>fithout hydwD^n. The fine regulation of the current f6r this purpose 
is obtained by ^coniiectin^ the battery-terminals to the two ends of 
a^liding resistance, and the»electrolytic cell to one end of the resistance 
and^o the slider, thus allowih^ any yoltage froip zero to the maximum 
of the batf^ry to be tappc(J off^ 

Fig. 33 shows how tl;ie circuit just described can, by connecting 
"Ihe points A and be oonverte^ ifito one suitable for separations by 
graded potential. If des^reef, a j^lug can be introduced, so that either 
5 ne or t^ otlTer arrangement may employed at will. Resistances 
of 2 to 3 ohms having a carrying capacity of about 1 5 amperes have 
proved suitable. It will be seen that if the voltage at the ends of 
the resistance if about four, one or two amptes are lost in the sliding 
resistance in an arrangement of the circuit for 
separation by graded potential. In suitable 
cases, the curre^nt ‘passing through the electro- 
lytic cell^ which may be started at a value ofe 
about 3 S' *4 •amperes, automatically drops to 
about lero ^ the ifietai disappearv^ from solu- 
tion, a ver}i important anti useful indication of 
the progress of the an^^sif * 

The Auxiliary Eleetrode. — Any^ of the 
well-f^cognfeed non-pplarj^sable eld(;frocJps may^ 
be employed a» an auxiliary electi;p«!c, but the 
one usually uti^sed is 'the*2 JV H2SQ4 electrode.* 

Fig. 34 shows a smtable form of vessel.^ ^ 

To*fit^this i 5 p as a 2 W Il2S04* electrode a 
small amount of rrwercury Is ‘first introduced into the vessel. On 
to this is poured a paste ifiade by triturating a few drops of mercury 
with mercurous sulphate and twice normal sulphuric acid until the 

^ H. J. S. Safid, Trans* Faraday Soc^^ 1909, 5 » 160. 
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whole presents a uniform greyish appearante. Above this is poured 
some twice normal sulphuric acid, preferably previously saturated 
with mercurous sulphate by shaking with the latter salt. The tube 
which contains the liquid forming the electrical connection between 
the auxiliary electrode and the electrolyte undergoing electrolysis 
in the beaker is next filled. This tube consists of a capillary of 
about 2 mm. bore of the form illustrated which can be filled from 
the funnel F through a two-way tap. The grease from the latter 
is completely* removed by means of ether. When in use, the tap 
is kept closed, but the film of electrolyte which forms round the 
barrel owing to absence of grease furnishes sufficient electnical 
connection between the (wg arms of the capillary. The arm adjacent 
to the auxiliary e}ectrod 5 <,prt>per is filled, |:^»'eferably through the funnel, 
with twice normal sulphuric acid, whereas the other arm may, if 
required, contain some other electrolyte such as soWium sulphatfc. 

This arm is bent at its end several 
times ^t right angles to the plane 
of the paper in the manner j;hown in 
the illu.stra'tion. 

Towards ' the end of an experi- 
iiieqt an^ small amount of liquid from*^ 
the beaker that may have diffused 
"into the bend is run out by opening 
the tap leading to the funnel F, for 
an instant. For measuring the poten- 
tial between the auxiliary electrode 
and the cathode, a method must be 
adopted which absorbs no appr eciable 
current and at the same time is as 
It should be accurate to about one 
centivolt. Fig. 35 shows a suitable arrangement. 

The terminals of a dry cell ate connected to the t^o erfcls of a 
sliding resistance indicated as battery + and ~. Thus any voltage 
between zero and that of the cell may be dapped off between the 
slider and one of the end.s. The former is inoved until this variable 
voltage just balances the voFage. to be measured betweep tht^ two 
terminals indicated. in Fig. 35 'dn Cathode and Auxiliary Electrode. 
The balance is detected by a sijitablc zero-instrun^ent ^such as a 
capillary electrometer. The value of the voltage, is then read off 
directly on a voltmeter pheed in parallel. * 

Fig. 36 represents a box which contains <a\\ the instruments 
mentioned, permanently connected, and provides in addition a con- 
nection by means of which the voltage between anocj.e and cathode 
can^be read off directly on a second scale of the voltmeter on 



direct and rapid as 'possible. 
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(fepressing a key marked ‘anoda^ This connection is , also shown in 
Fig. 35- 

An arrangement serving a similar purpose in which the zero- 
instrument is a galvanometer has been described by A. Fischer.^ 



I’fo. fif 


% 

4. Electfodes. 

• * 

Electrodes of a large variety of forms have been employed for 
purposes of analysis. The mateiial used in their construction is 
usually either pure platinum or its alloy with about 10 per cent, of 
iridium.* Owing to the very high cost of these metals numerous 
attempts have pcen made to replace them by cheaper materials. 
As regarijs the anode, it is improbable that a ifatisfactory substitute 
for platinum' m*ctals will bci fomid, although the weight of these may 
be very mate'qally reclucepd by making the" frarrfework of the electrode 
of glass and confining the { 5 recious n\etal to the working parts. 

A suggestion by O.^^rvuTfek to replace* the platinum by^ tantalum 
which has been plated with platinum ejeserves att*ention.=^ Tantalum 
itself t^hen ^sed as ^n ai,iode dod^'noj; dissolve in the electrolytes 
commonly employed in analysis, auch this is obviously condition 
that even a plgted metak must CQnform to. *lt, however, becomes 
covered with a non-conducting film* of oxide when plated nvith 
platinum.^, According to O. 'Brunch, tantalum can easily be coated 

with platinifm elect»olyticafiy,* and is also’* manufactured as wire, 
« “ “ 

1 H. J. S. S:ind, /oc. at., p. 1 6a. 

El^tr 0-^1111}' tisihe Schnellmethoiifn, p. lOO ; Zeit., 1^909, 33, 337. 

3 Cbcm. Zett., 1912, 36, 1 ^ 3 . 
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plated by a .special process by Siemens and Halske. It is not 
impossible that tungsten may lend itself to similar application. 

For cathodes, metals baser than platinum have been frequently 
employed. The general fule should be adftered to, that the metal of 
the cathode be more electro-negative than che metal to be deposited, 
although cathodes of nickd, a metal which easily becomes passive, have 
been used for approximate copper determinations. 

According to Brunck,^ tantalum may be employed in the same 
way as platihum for cathodes in all cases. However, the fact must 
not be forgotten tha^ electrolytic .hydrogen , combines with it and 
renders it brittle.^ For zinc determinations nickel gau2c may be nsed 
which may be freed from deposited metal after a determination by 
means of warm dilute^ hydrochloric acid. Brass gauze has been 



similarly employed and electrodes of tin and of copper have also 
been used. '' . 

For copper determinations cathode^ -of silver have been sqecessj^fully 
employed.- The deposited metal may be removed from these by means 
of hot dilute sulphuric acid (i : lo) to which some hydrogen peroxide, 
free from hydrochloric acid (2I c.c. perhydivil per 100 c.c.), has been 
added, ^ or by a cold solution containing 20 g. trichloracetic acid,joo c.c. 
of* ammonia (sp. gr. 0-900) tind ‘lOO c.c, ef wate^'^ If the electrode 
appears black through roughehiiig after use, it may' ’be brought back 
to its original condition by ign’tiOn. 

Mercury is 'frequently employed as a cathode, and as its application 

V - 

^ Loc. c}t. 

“ H. E. Medway, Amer, J. Sct.y 1904, iv., 18, 180. II. J. S. Sand and W. M. Smalley, 
Tram. Faraday Soc., 1910, 6, 205. » 

^ H. J. S. Sand and W. M. Smatley, lot. cit. • 

,1^ H. W. Doughty and B. Freeman, y. Amfr.^Chem. So^., 1921, 43, 700. • 
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has extended the range of electA'icaj methods in chem'cal analysis, it 
will be referred to again below (pp. 101-102). 

In the design of electrodes, whether mechanical sfirring is resorted 
to or not, the most important consideratioft is that tl\ey should pro- 
mote circulation of the liq’hid. Low resistance of the liquid traversed 
by the current and good distribution of the* latter over the surface of 
the electrode are also points to which attenticTn should be directed. 
A considerable advande *in the* construction of electrodes was made 
by the introduction of metal gauze.^ 



• - 

Stafibnafty Electrodes.— Tbe f©llowing arc a few re?[jresentative 
types of sti^tionary electrodes. * ^ * • 

The electrodes originally^employcd by HLuckow, on^ of the pioneers 
of electro-analytical worl*, are shown in Fig. 37.* The cathode is a 
cylindt ical piece of foil, whereas thc*afiodc is constructed of wire in auch 
a way that the ggs bubbles liberated I’r®!!! it at the bottom of the beaker 
stir the whole of the electrolyte. . • * 

Figs. 38*ancf39 show the electrodes,* no doubt dct^elop.^d from these, 
used by.thc Man^feld Smeltiifg Works ; it is advantageous to have a few 
slots in the. foil (Fig. 38) fo •facilitate thd •circulation of the liquid. 
Fig. 40 shows the same electrodes held by *^uitable stands, the rods 
of which ai;e made of glass. 


^ H. Paweek, Z. Elektrochem.^ 1898, 5 f 221. 


A. Winkler, Ber,^ 1899, 3^ 2192. 
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Fig. 41 illustrates a platinum dish specially recpmmended iJy 
A. Classen, and Figs. 42, 43, and 44, a stand and anodes that may 
be used in conjunction with it. • 

It has frequently befen found useful •to roughen the working 
electrode by sand-blasting in order to increase the adherence of the 
deposit; but such roughening is believed* to promote the occlusion 
of impurities in the deposit.^ To meet this objection Classen recom- 
mends roughening platinum dishes only very slightly by means of 
dilute aqua regia. 

The main objectioijs to the platinum dish arp the very large amount 
of platinum fequired*and the poor circulation of tjie^electrolyte. The 
latter objection can be very largely met ^b/ heating the dish gently 
during electrolysis? For thi^ purpose a cirtr^ar piece of sheet asbestos 



Fio. 45, Fio. 15 


may be attached to the lower side 0/ the ring supporting the dish and 
a bunserh»bui'n^r be placed under/ieath it. Rapief rotation of the anode 
by jnecJ^nical mean^ has atsOfljeen extensively applied. 

Figs. 45 *nd 46 illustrate wir^ gauzg electrodes. The former pair, 
which is dut to A. Hollard,^^may bo considered to be a development of 
the Luckow pattern, tlK?f< 5 il of the cathode being r(?placecl by gauze. 
The letter form is due to V. M. Perkin.i Both electrodes may also be 
constructed of gauje. . ♦ • ^ 

When mercifry is to be ifced as 11 ‘cathode the*arrangen^ent shown 
in Fig. 47, whicitt was elaborated by W. JVT. Howard ^ jn Edgar F. Smith’s 
laboratory, mayjDo employee}, * • • 

It (foneists of a small bq^k^r (58 c.c. caj^city), near the bottom of 
• • • • 

^ O. Scheen, Z. ElektroJium..^ 1908, 14, 257. • • 

a! Hollard et L, Berthux, /a r Electrolyse^ 1906, p. ii. 

* F.* Mol^wo Perkin, Practical li^ethods of ElecipO-Chemistrif^ 1905, p. 79. 

^ E. F, Smith, Electro-Analysis^ 1918, p. 66. 
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vi^ich there is introduced through /;he sfde a thin platinum wire*! 
Internally the latter dips into the*mercury, while externally it touches 
a disc of metal r on which the beaker rests and by means of which 
electrical connection to the source of current is made. The anode 
may be constructed of gauze, or one of the forms depicted in Figs. 39, 



Fia, 47. 


43, or 44 may be employed. In the figure 
the anode is arranged for rotation, but the 
apparatus may also be employed for 
stationary electrolytes. 

Rotatin^;^ Electrodes.— A very great ad- 
vance in electrolytic analysis ^vas made* by 
Ul^e introduction of vigorous stirring of the 
\e^ectrolyte. '^Sin(:e the metal-ions liberated at 
a cathode are* supplied solely by the layer 
of liquid in immediate content* with it, their 
renewal Is entirely dependent upon the slow 
process of diffusion unless convection currents 
supervene. 1 'hu.s. in 190J it was shown 
mathematically by H. J. S. Sanci^ that the 
film of electrolyte ‘adjoining the electrode 
may fr 5 qV.e!itly become completely exhausteef' 
of metal' salt, with^very great rapidity when 
high current densities are eitiplo;(;cd, wtiife 


the bulk of the liquid still contains large*' qqantities in solution, and 


that the only way to prevent this is to employ rapid stirring, which 
thus may alter the whole course of an electrolytic process. It was 
proved, for example, for an acid solution of copper sulphate, that in 
one instance in which 60 per cent, of the current was employed -in 
the evolution of hydrogen, vigorous stirring under 'btherwisc identical 
conditions caused the whole of 'the current to be utilised in the 


deposition of copper. , . • 

When it is remembered that the’ success df electj-blytici metal- 
depocition frequently depends on_ co'nfining' the action of, the current 
to only one process, and tha'i the liberati6n 9f hydrogen is frequently 
accompanied by tlic production of spongy deposits, it will be seen 
that high current densities iqaybfc usefully employed to«shortft^n the 
duration of the process only wheq the electrolyte is v/gorously stirred. 
In many cases determinations which require Aours in stationary electro- 
lytes, may be* performed in as many minutes when vigorous stirring 
accompanied by high current densities Ts resorted 'to*. 


Mechanical stirring applied to electrofytic analysis appears to haye 
been first suggested in' ‘1886 by von Kldbukow,^ and \yas utilised 
by various experimenters.^ Important extensions of this method 
/ ^ Phil. Mag.., 1901 [vi.], I, 45. J.pr.'^kt. Chem., 1 886, 33, 473. 
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were published by F. A. Gooch and H. E. Medway J in 1903, wlTo 
rotated a cathode consisting of a platinum crucible of about 20 c.c. 
capacity at 600 to 800 revolutions per minute, and «it the same time 
employed considerably higher current densities than had been 
previously utilised. The Experimental arrangement was simple. The 
crucible was driven directly by a small electric motor placed above 
it with its shaft vertical. An extension of the latter was fitted to 


a rubber stopper bored centrally, over which the crucible was pressed, 
and the electrical connection with the battery was obtained through 
the framework of thp motor jjy *means of Jhe spindle and a strip 
of platinum Toil. Tlie anode w.gs a cylindrical {^‘ecje of platinum. 


The method was subsequently extendec^ b;^ F. F. Exner,^ R. Amberg,*^ 
and by A. Fischer *and R.^J.jJIodclaert,^ wh6 ^^nployed stationary basins 
as. cathodes, and rotated the anodes of one 

the forms slipwn in Fig. 43 or 44, at boo f 
tp 700 revolutions peV minute. W 

• A consiclerable number of other devices 

rapid .^el^ctrolyti<: analysis , have been 
designed by various investigators, of which \ ^ 

arc typical. ^ 

", [ 1 . f Fig. 48 depict He electrodes proposed 

! . ‘ l^erjcin,"' * who, like Gooch and J 

./ •Medway, rotates the ^'^thode. The latter is 
'■' ^ . made of.gtuize, the anode is constructed of ^ 

1 j \\lrQ and has four baffle plates to minimise m 

Fiu 48 rotation of the liquid as a whole. ^ 

Attention may be drawn to the use of a ^ 


bicycle* hub to provide a comparatively inexpensive and mechanically 
very perfect mounting for the rotating spindle. This arrangement, 
which \\^s first employed at Heathcote’s suggestion by T. S. Price 
and G. if. "B.* Judge, is l^ibricated by a mixture of graphite and oil. 
An app*recf^ble electricjal resMstancb is ciflwayS present ift bearings of 
this kind, ^ind if it is ddsired fo ^voicT this, connection can be- made 


through a small cup Cj:]yiUiTning mercury* cemented .to the top of the 
spindle, into which the ♦eading-in wire dips (P'ig. 49).^ * 

T^e c^rtiode may be ^attached *^(5 tl;e spindle by means of a small 
chuck. The iUustration a^so shoy» a vessel Tor the electrolyte first 
suggested by Jrice and >udge,” and favoured by many workers, which 
consists of a tap^-funncl from whiEh the electrolyte^ iTiay be seadily 
withd»a^n after a determination. • ^ 

• ^ Amer. /. Sn., 1903, i\»., 15, 320. - /.Wnu't. C/iem. Soc.^ 1903, 25, 904. 

^ Z. Elektrochem.^ 1904, 10, sSvf. ^ IbM.. p. 945. 

Practnal Melhoch of Electrodinnnlfy^Y). Zl, 1906, 2, 87. 

T. S. Price an^ T. C. Humphreys, /.mSoc. Chem. 1909, 28f irg. 

^ Trans. Faraday Soc.., 1906,2,^67. 
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* Electrodes sifitable for Use ivith an Auxiliary Electrode . — The following 
apparatus was designed by H. J. *S. Sand ^ primarily to allow the use 
of an auxiliary electrode, but it embodies also other features that 
make it particularly adaptable to varying ‘conditions of electrolytic 
analysis. The two electrodes are shown in Fig. 50. 

They are. both construt'ted of gauze, and when placed in position, 



the outer (cathode) .surrounds the^ inner ^to such a degree that the 
lines of flow of the current are contained completely between the two. 
The tip of the eapillary leading to tiie auxiliary electrode may therefore 
be placed anywhere in the^^lectrolyte outside the outer electrpdc. An 
important feature in the construction of these electrodes that they 
are held in position relatively to each other T)y a glass tube, in which 
the hollow stem of the inner one rotates freely, so that th« clearance 


L 


i 


T^rans, Faraday Soc.^ 1909 , 5 , 159 , /. CImn. Soc.^ 1907 , 91 , 373 . 
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between them may amount tc; only 3-5 mm. without risk of short 
circuit. The glass tube is pushed* through the collar of the outer 
electrode by which it is held, the collar in its turn is clamped in 
the electrolytic stand hf means of an ordinary V clamp, the cork 
from the flat side of which has been removed, and preferably replaced 
by platinum foil soldered to the metal. The inner eleqtrode may be 
held by a chuck which is in metallic communication 
with the rotating spindle of the stand by means of a 
flexible connection. The framework of both electrodes 
is preferably made of y-idio-platigurg. The mechanism 
fof rotating •the anode may tje constructed iy ^ 
variety of ways, but Fig. 51 shows how it may be 
made in a quite •satisfactojjy rhanner from^ ordinary 
laboratory stock# 

, • The rotartiTlg spindle con^'sts of a glass or metal • 

tube of 5 or 6 ipm. bore and about 15 cm. length. On 

one end of this a wooden 
•pulley , is damped by 
means of a cork, while 
tTie other end is con- Fia. &i. 

timftef tfy a piece of not 
•tgo tliick-walled rubber pressure tubing. 

Into thp Matter a chuck is wired by means 
’ of an iron peg fitted to it. The whole 
of the rubber tube and about half of the 
glass spindle are filled with mercury, and 
into this dips a short iron wire by means 
of which the current is led in. A drop 
of oil may be placed on the top of the 
mercuky. The glay^ spindle rotates inside 
a wider metal tube or fairly thick-walled 
gl^ass tube of about 10 cm.' length into 
whfch it fits loosely. The top of this tube 
is ground flUt and a .metal washer is 
placed between it and the pulley, the 
* surface '»oi* ^contact being well lubricated 

with vaseline. «Tfie surfacc^of contact between' tlie two glass tubes is 
kept well oiled. This is*achieved ,,by attaching a short piece of wide 
tube to the bottom of the rotating spinllle by mean^^of a iVell-fitting cork 
and pdiyjng oifinto the trap thus fomned to i;gach above the bottom of the 
outer tube.*. This oU is draVrf up between* ihe two tubes by capillary 
action. The whole arrangement is held by a clhmp fitted to a heavy stand. 

Fig. 5 a shows an alternatfve constructiem on a complete stand. The 
rotating spindle is here a §teel tube mounted in bafl bearinp. 
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Fig. 54 illustrates an outer e|pctrode of essentially the same desi§;n 
as that of Fig. 50, which may be improvised in the laboratory from silver 
or nickel sheet and gauze. The frame of the iniaer electrode may 
also be replaced by one of glass, as shown iu P'ig. 53.^ 

With the same purpeses in view, A. Fischer has suggested two 
concentric stationary cylinders of wire gauz^ shown in Fig. 55, and the 
use of a separate glass stirrer of appropriate f^ape to stir the liquid, 
shown in Fig. 56. The. electrodes are kept in position relatively to 
each other at about 3i mm. apart by three glass rods fastened to 
the inner electrode and a gla^s Jtube surrounding the stem of the 
laUcr. • • , ^0 

Other Methods of Stirring the Electrolyte.— A number of devices 
have been proposal to obtaqi v^^y vigorou# circulation of the electrolyte 
without the usg of a motoL An in- 
genious appa^tus of this kind, due to 
F. C. Frary,- is shown in Fig. 57. • 

^ As will be seen, the Current passes 
through the electrolyte yi •tfie beaker, 
radially between a central anode and 
an outer cathode. Th<»^beal?er is sur- 
• rounded^ a solenoid, the nfa^ifttic 
lines of which intersect die*liyes of flow 
*of the^curr^nt at right angles. ^The 
result of this is that whcyi'a sufficiently 
large current is employed, rapid rota- 
tion of the licfuid is produced. Obvi- 
dli.'.ly the current cannot be reduced 
withoift also diminishing the rotation 
of the electrolj/te* and in other respects 
too the apparatus will not ver/ readily allc^w such conditions as 
tcmperattii'e find quantity^of the electrolyte to be varied. 

* Wfen ^jmple ^auzc clectfodea and 'smalJ quantities -of electrolyte 
arc employed with very* high Current* density, the vigorous evolution 
of gas and the hcatinq^ the efectrolyte may pgaducc so efficient 
circulation that certain# simple determinations ‘m^iy be 'carried out 
quit^ rapidly without mechaniaik sHrring. Thus J. T. Stoddard 
employed a cyiinfirical gauze cathock" 3 cm, loiTg and 3 cm. in diameter 
surrounding a cylindrical- foil anjodc 2-5 cnr>» long and* 0-8 cm. in 
diameter in a small beaker conbaifiing altogether art^out SO^c.c. of 
liquid, cmd cmfJloyed curreihs varying between i andl? amperes without 
.having reepurse to^ mcchaftictil stirring. A)out half a gram of metal 
• * • 

^ 11 . J. S. Sand and VV. M» Smalley, Ttans. Faraday Soc., 1910, 6, 205. 
er. Chem. Soc.^ 1907, I $92 ; Z. 13, 308. 

/. Arner. Chem. .Slot., ^1909, 31,^385. 
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wis said to have been deposited quaptitatively in times varying from 

about ten minutes to about half 4 n hour. According to T. S. Price 
and T. C. Humphreys,^ however, the results obtained in these times 
are not quantitative. . • 

Two further' methods of stirring the electrolyte without the use of 
a motor have been put forward by ¥. P'ischer, C. Thiele, and E. Stecher.“ 
One consists in stirring the electrolyte by means of hydrogen taken 
from a cylinder through a reducing valve. .In the other the vessel 
in which the« electrolysis is carried out is partially evacuated by 
connecting it to an ordinary labor^tojy water-injector air-pump. The 
effect of this is niot^onl}’ to cause tli^ liquid to boil at 5 much lower 
temperature, but also to 'considerably increase the size of the gas 
bubbles so that the cfficiqnfty of stirrfng ^is ^greatl/ enhanced. 

In the form of apparatus in which hydrogen was tJie stirring agent 
a large boiling* tube of 30 cm. length apd 4-5 cm. bore^is employed 
to hold the electrolyte. It had a few constrictions about 5 cm. from 
the bottom which served as a support for the wire-gauze cathoefc. 

A spiral of wire formed^the anode. . , 

The apparatus designed for use with the" pump was similar to the 
one just described, but here the gauze cath«)de was placed at the 
bottom of the boiling tube. Altfttf^^i the results obtained .with this* 
form of apparatus prove that it is* (juite ‘possible to obtain vigorous 
circulation of the electrolyte withqut making use of a diotor„yet the* 
general adaptability of such arrangements Is. qot very high, and they 
fail particularly where any extension of existing methods is sought. 

The Use of Mercury Cathodes. 

The precipitation of metals into mercury with stirring has been 
referred to above (p. *101). By ad arrangement of the kind shown 
in Fig. 47, all troubles arising from the dej^osition of the* metal in a 
loose and spangy form ave avoided.* Od*thc othei* hand,^* sni^H loss 
of mercury owing to evaporafion is*apt to occur. This, danger is 
minimised by washing with alcohol and ertier,and drying at ordinary 
temperature. Great 'attention must be paid to keeping the inside 
of tl^e cell absolutely clean, or drops 'of the anjalgam cling t?o^ the %lass 
and may possibly be* lost. Many of t|je advantages of mercury 
electrodes Tnay be obtained with, other instals if these are coated 
with ^ layer of medcury by electre-deposition before use. 

The use of mercury catjjodes has, in the hands of fedgar .Smith 
and his collaborators, con'siderably exteilded electrical itiethods of 
chemical analysis. Thus if k neutral solution bf copper or zinc sulphate 
be electrolysed with a mercury cathode and platinum anode, the 
^ /$Soc. Chem. Ind.^ 1910, 29, 307. J Z. Elekirochem.^ 1911, 17, 905 and 906. * 
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sulphuric acid is quantitatively* liberated and may be. determined by 
direct titration. If the anode be plated with silver, then chlorides, 
bromides, and salts generally, the anions of whieh form insoluble 
silver salts, may be quantitatively analysed ; the anion combining 
with the silver may be Veighed on the anode, the cathion at the 
same time being deposited into the mercury. The latter precipitation 
takes place even when the cathion is an alkaH, or alkaline-earth ion, 
though, insoluble or sparingly soluble hydroxid(js may then be formed 
which tend to separate out in the liquid adjoining the cathode. 

These facts have l^cn utilise^l by J. H. Hildebrand ^ in the design 
of*a cell in which anions forming insoluble ^ilv(%ir^alts and cathions 
such as sodium that form soluble hydgox'ides may be determined 
simultaneously. 1[n pri^icjple 
it resembles the*Castncr-Kelf- 
fter cell for the manufacture of 
caustic soda. It is illustrated 
ii%Fig. 58. 

The appai^aiiis comj^risgs 
an outer cell consi.sting of 
crystallising dish^ ii Sm. in ^ 
diameter, and 5 cm.* deep. ^ 

Iqside tjiis is a beaker^ cm» , 
in diameter,* the bottom of 
which has been cut off*s« that 
a ring is forn;,ed 4*5 cm. high. 

This rests on afarge triangle of 
thin glass rod on the bottom 
o'f the* crystallising dish, and 
is kept in position by three 
rubber ^stoppers as shown. The object of this ring is to allow 
the inner compartment fco Jdc hermetically .sealed from the outer 
by means ^f mercury. A fijm* of ^ solution, howevef, was found 
to form between the glass and .the mercury, permitting a • small 
quantity of salt to di0*is€*from the inner to the outer co^mpartment. 
To prevent this the lo>^er rim of the bottomless beaker was first 
platinisecbhnd th^n silvgr-plated *td a.width of about 4 mm. .This 
was effected by use of a .saturated .solution of chloroplatinic acid, 
to which ^n ^qual volume^ of glycerjn was added ; this solution was 
painted on, th^ t^paker dried at 3Clb'’, and afterward.*^ carefully heated 
in a ^^iv^sen flame till tlje |jla.ss*just bey^n to soften. The film of 
adherent platinum was then made the cathode in an agitated solution 
of pota.ssium silver cyanide^ and a heavy* layer of silver deposited 
on it whieh was finally amalgamated by, •agitating it with mercury. 

^ J. fimer, Chini. 1907^ 29, 447* 
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In the outer compartment there a ring of about six turns of 
nickel wire, supported about i cm. above the surface of the mercury 
by wire legs. ^ 

In using this cell, which must be kept* scrupulously clean, pure 
mercury is poured in so that its level is abdut 3 mm. above the lower 
edge of the bottomless beaker. The anode should be fitted about 
5 mm. above the surface of the mercury and be rotated at about 
300 revolutions per mipute. The current is led Out of the cell directly 
from the mercury. The solution to be electrolysed is put into the 
inner compartment; sufficient distiller? water tc% cover the nickel wire 
is placed in the li'i^'er compartment^ and to this is adSed i c.c.'of 
a saturated solution of cornmpn salt. this arrangement the amalgam 
formed in the inner compartment is deconjpcjsed as soon as it comes 
into the outer division, the latter /icting as a galvank; cell, the plates 
of which are ' sodium-amalgam and nickel respective^, and th6 
electrolyte, sodium chloride. The' sodium hydroxidi^ formed in the 
outer compartment is determined direcfly by titration. #. 

5. General Remarks; Disconnecting And Drying the Electrodes. 

In electrolytic analysis, the %*?jp,aratys slioiild always ^be kept 
scrupulously free from grease, and tho' wor»cing parts should neyer 
be touched with the fingers. Tfiic is especially essential wlwn good 
deposits are to be obtained from the smaller current densities employed 
with stationary electrodes. The bulk of the liquid sljould be kept 
as small as the electrodes employed will allow, so as to facilitate 
circulation, for it is easier to stir a small volume, but even with 
equally efficient circulation for all volumes, the time required for 
a deposition will be approximately proportional to the bulk of the 
liquid. A certain amdunt of spraying is always likely to qcyur during 
electrolysis. The beaker or other vessp] isf therefore usually , covered 
with split clock glasses which, have Jicen suitably notcb:d to admit 
the electrodes. Slips of mica, which are easy to cut and let;S liable to 
be broken, ju^iy be employed. Towards thc«cnd of a determination 
the coyer glasses may be waslv^d down, altliough as a rule sufficient 
washing is effected by, the watdr formed by condensjjtion from vapours 
arising frogi the liquid. * * « * 

Before disconnecting the clqctiodes afte'!* the precipitation of a 
metal,* its complete absence from* the ylectrolytc. should, wherever 
possible, be tested for chtv^iically. ^VVhere^ this is not possible, Vi plan 
frequently adopted with sthtionary electrodes^is to'increase^the volume 
of the electrolyte slightly by the addition of a little water, and to 
make certain that ,no further deposit appears after ^som)2 time on 
the part of Jthe electrode tljius freshly covered by the electrolyte. 
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When the potential of the electrode is kept under, control in rapid 
electrolytic analysis, the ammeter in very many cases offers sufficient 
indication of the removal of the metal to be determined. The current 
is usually started at abolit 3 to 4 ampere« ; the cathode potential is 
then determined and kept constant. Since the action of the current 
is, as a rule, confined to only one clectro-ciicmical process, the current 
goes down to a small residual value of say o € or 0-3 amperes when 
the greater part of the* metal -has disappeared from solution. After 
this, the potential of the cathode is gradually raised ‘by altogether 
about 0*2 volt, until^the current .which at fipt rises has gone down 
to«a constaift value *again, at which it is ke^ fo^^bout two or three 
minutes. To obtain an insight into the theory of this method of 
working, it must* be rejne^b^ed that Raising the potential of the 
cathode by about 7 centivolfs at a temperature of about 80" or 90'’ 
^orrespondsf ^tcr equilibrium^has been reached, to a reduction of the 
metal, if univ^^lent, to one-tenth of its former concentration in the 
sijlution; raising the potential by twice this value to the reduction 
of the metal one-hundr 5 dth of its original^concentration, etc. 

If the metal ion be bivalent, only half of the increase of potential, 
LC. about 0 03 5 volt, is Accessary to effect the same ratio in reduction 
* of conceptfation if the ion be^ 4 i^tfralent, one-third of the difference 
of voltage will have th^ sanae ^effect. Unfortunately this extremely 
‘convenient lilethod of following tl^e* progress of a determination can 
only be employed wlien^no substances are present, such as nitric 
acid and oxides of nitrogen, which are slowly reduced at the cathode, 
or such subsftinces as iron salts, which produce a large residual 
current by alternate oxidation and reduction at the two electrodes. 
The residual current may be very much diminished by adding powerful 
reducing substances, such as hydrazine sulphate or hydroxylamine 
hydrochloride to the electrolyte. * • 

In most ^cid solutio^s, the metal dissolves when the current is 
in 1 :enti|)te 3 ^ after flep(*sition**and •therefore the electrical connections 
should bejeft intact whtlc the ^clqct roly te is being displaced by* water. 
This is frequently done^b^ introducing a* .syphon tuUe filled with water 
into the beaker or dish «o that the electrolyte may be slowly run off 
fron^the tettom while it^is being fepla^ed by pouring in pure water. 

With the vrangement ^epicte^l Wn Fig. 42, tjie electrodes may be 
bodily transferred by me^ns of ^ic stand iifto a beaker filled with 
pure water an 3 then disconnected. •In a similar maimer ,*if the electrodes 
are held sufficiently rigidly theistand and the beaker was originally 
.placed on*,p. tripod, or .sonTe 1)locks of wo^, it may be removed from 
under the electrodes and rajjidly replaced hy another one filled with 
water. , ^ 

When thefliquid is mechanically stirred, the funnel shown in R/g. 48 
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may be employed and the electrolytp withdrawn at the end of the 
experiment by means of the tap, while pure water is slowly poured 
in at the top. 

After their removal from the wash-water,* the electrodes are usually 
washed with alcohol and ether, special wash-bottles being used for this 
purpose, and then dried either in an oven or by holding over a flame. 

A very simple method of washing requiring less wash-water than ' 
the other methods described may be employed in conjunction with a 
stand and electrodes of'the type used by the present writer (pp. 104-106). 
With these electrodes a^ few drops of ^distilled water should be poured 
into the glass tub.'i^,in \sfhich the anode rotates U few minutes befere 
the end of a determination in order to displace any solution that 
may have been trapped in the tubd. ^The clock-glasses are then 
removed, and the tripod or ring, on which’ tlie Eeaker stands, is removed 
from under it, A wash-bottle with water is then take^n an the righl 
hand and the beaker slowly lowered while the electrodes are being 
washed, with the stirrer still running. As soon as the liquid l^is 
been lowered completely away from {he .electrode, s, the motor is 
stopped. For this purpose a switch or cliscbnnecting gear should be 
placed conveniently on the stand. The bea 4 <er with the electrolyte 
is then replaced by an empty oiTe;v*'he tripod. or ring being, returned" 
to its original position and the electrode^ disconnected. The pair may 
be conveniently removed simultaneously by holding olily tl^e steW 
of the inner electrode. The cathode is iioally dipped successively 
into a jar containing alcohol, and another containing ether, and dried 
by holding over a Bunsen burner for a few minutes. 


III.-SOLUTIONS EMPLOYED FOR ELECTROLYTIC 
‘ ANALYSIS 

, I 

I. Composition 6f ^jie SoluVion. 

An essential condition in regard to the tqmpositioi) of the solution 
is that it sh'ould conduct the current well. P'or tliis reason the presence 
of ss^lts which conduct the current ^without taking part in the processes 
occurring at the eleett'odes is* beneficial. Such “cbn^luctivlty salts” 
arising frofii the neutrali.sation of acids ar'jd, alkalis arc often present 
as a result of preliminary chdnical operations perfo*rmc(i on the 
electrolyte. Another point of importance ?s, that the'el^’Ctrolyte fhould 
not change in character wlfrlc the metab is' being (^epositeeji ror this 
reason neutral solutions from which depositt of hydroxide are liable 
to form are, as a rule, avoided and simple iTcid solutions taker| whenever 
possj^ble. Chlorides arc selddm employ(!;d, sulphates and ^litrates being 
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usually preferred. One of* the* rpsons for this is that there is some- 
times a tendency for the deposited 'metal to take up small quantities 
of chlorine from the electrolyte ; the principal reasog, however, is that 
chlorine may be liberated at the anode anjd attack it. This may be 
avoided by the addition af suitable powerful reducing agents. Thus 
Engels 1 in 1896 deposited tin from solution# containing small amounts 
of chlorides to which he added hydroxylamine. sulphate, later Sand 2 
deposited the same metal from solutions containing considerable 
quantities of free hydrochloric acid after adding hydroxylamine 
hydrochloride, and recently E.^P.^Schoch and D. J. Brown » have 
extensively Employed chlorides Jn the pre^ice^ij^f hydroxylamine 
hydrochloride for the separation of metals. ^ 

Very frequehtl;^ compjex, cofhpounds oi the metal to be deposited, 
usually in feebly alkaline seflution, arc employed. The reason for 
this is a two.fc^d one. First, some metals show a tendency to deposit 
in loose crystals from simple electrolytes, whereas they forrh dense 
adjierent deposits if complbx electrolytes are used. The very general 
rule holds that Jhe morc.^cdmplex Jhe solution of a given metal, 
the higher the deposition-potential, the more fine-grained is the metal. 
The second reasoji why^ complex electrolytes are employed is that 
their appjicfition very gccatly QxUfi&s the range of electrolytic metal 
separations. Ihus, for ejarnpJeTjii* nitric acid solution of copper and 
bismuth^ salts* the deposition-potential of bismuth follows so closely 
on that of copper that^ a •quantitative separation of the two metals 
is not possible. In a hot solution, however, containing free tartaric 
acid, the bismuth forms complex compounds to a very much greater 
ejJtent than the copper, so that if the amount of bismuth present is 
small, ft quantiUitive .separation may be effected. If, on the other 
hand, this solutioli be made alkaline and potassium cyanide added, 
the copi^er forms complex cyanides to a prepc^ndcrating extent, and 
as^ a resillf ?he bismuth^ can then be quantitatively separated at 
suitabfc’pofentials ttefose the'topper begins to deposit. .In a similar 
manner copper is deposited ^fer3. mtich before cadmium in acid 
solution; if, however, the, Solution be m^de alkaliqp, and potassium 
.yanide added, the form.%tion of complex cyanide!^ is so mfich greater 
in th? case of the former metal thaniftn that of the latter that cadmium 
Tiay be separa^eef at poteiUials at* ^hich copper does not begin to 
eposit. While the value.of solutions of compleic salts is thu^ apparent 
he fact must not^ be lost sight of. that the depefsits «)btained from 
hem show a cfistinct tendency give high resulfs owing to the 
pclusion Oi, non-mqtalhc iitiptirities. In m'^st cases this is probably 
lue to the formation of Colloidal substances in solution. 


* Z. Elektrochem., 1896 , 2 , 418 . 

^ J. AmerfChem. Soi., 19 ^ 6 , 38 , 1 * 660 . 


'“*/• Cbem. 1908 , 93 , 1577 . 
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» . 

2. Influence of Temperature. 

Since an increase of temperature causes as a rule a decrease of 
transfer resistance and of# metal over-voltage, the separation of one 
metal from another may be performed \Wth greater precision and 
ease at a high than at a low temperature. Although the fact appears 
to be established that metal deposits formed at a high temperature 
are more coarse-grained than those psoduced at a low one, yet most 
analysts will agree that the adherence of a deposit on a platinum 
electrode is usually improved by raising the temperature. Another 
advantage gained^bv t^e employment of a hign tempc?fature is the 
very considerable decreastJj in the resistance of the electrolyte. 

I- 

3. Influence of Concentration. ‘ 

‘ i * 

The* effect of concentration of the metal-ion to be deposited on 
the nature of the deposit is probably small in all cases in which 
complete exhaustion in the film adjoining the electrode is guarded 
against by maintaining the stirring efficiency sufficiently high and 
the current sufficiently low, ’ .. 


IV.— GENERAL TRINCIPLES UNDERLYING THE SE'^ARY- 
TION OF METALS FROM EACH OTHER 

The fact that certain metals are deposited quantitatively as 
peroxides on the anode has already been referred to and may be 
utilised to separate them from others. Thus, if a solution of lead 
nitrate be acidified sufficiently with nitric acid to make the precipitation 
of metallic lead on the ''athode impossible, the lead may be quantitatively 
precipitated as the peroxide (PbO^) on the anode and thus' completely 
separated from such metals as copper, cadmium, or zinc, in a simhar 
manner mangane.se may, by the use of suitable electrolytes, be separated 
from other metals as hydrated manganese plefoxide. 

The general principle underlying the electrolytic separation of 
metals' from each other as such'* h the utilisation of difT^renC^s of 
deposition-potential (se'e pp. 95, 105). The fact that flic- method can be 
very greatly extended'- by the use of complex salts has already been 
referred to. Where^the differendb m deposition-potential of the metals 
to be .separated is considerable, r.g-., of cop[ 5 er and cadmium, the <?ontrol 
of the potential difference between catliode and anode may often bq 
found sufficient. It is, however, very ofteif possible to bring about 
conditions under which the more electro-positive metal cannot be 
precipitated with moderate current densities. This cai^ be done by 
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making the solution fairly acid. and working at a high temperature. 

Hydrogen will then be liberated in preference to the more electro- 
positive metal. If an oxidising acid such as nitric iicid is added, this 
will further hinder the liberation of the moi»c electro-positive ion, since 
its reduction will, as a ru^c, begin at even lower potentials than the 
liberation of hydrogen. • 

The most electro-positive metal that can be precipitated quanti- 
tatively from aqueous Solution ©n solid cathodes is probably zinc, and 
to effect this, both the temperature and the hydrogen-ion ‘concentration 
must be low, i.e., only^a feeble £tfid.such as aortic must be present in 
small concentration. * Oxidising cubstances s /ch nitrates must be 
absent. ^ 

The still more elect^o-^ositive metafs, aluminium, the alkaline 
earths and the filkali metals cannot be precipitated by electrolysis 
ffom aqueoiK solution on solid cathodes under ordinary conditions, 
and therefore alj metals capable of*dcposition on solid cathodes may 
bc,/eadily separated from tfies^. 

Many metal ions capa)J)le,of libc*i'ation frorr^ the simpler solutions 
become incapable of deposition by converting them into complex 
anions. Thus tin^is iiK^gpablc of precipitation from a cold strongly 
alkaline splfltion of sodkim ^thio.«^\rinate in which a large amount of 
sodium Jiulphide is pre^nt. •Aptimony may be precipitated from 
a SI Qiilar, soil! lion of sodium thio-antinionate, and on this fact a method 
for the separation of the.two metals is based. 
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PHYSICAL MEASUREMENTS EMPLOYED IN 
, TECHNICAL ANALYSIS 


liy J. S. TllOiV^S, D.Sc., Physicist to the SouAh Melioi^Dlitan 
Gas Company, London 

INTRODUCTION 

* 

The aim of this section is to describe the more imp<.rfant methods 
employed in chemical technology for the measurement of certain 
physical properties which are of value in technical analysis. From the 
nature of these measurements it is Customary to regard them as 
physical rather than as chemical, although it is not suggested that 
any marked dividing line separates the rea’m of physical measure- 
ment from that of chemistry. , 

At the basis of the science of phy^sical measurement is the fact that 
the measure of almost all physical quantities can be expressed in teims 
of three fundamental entities — those of n^ass, length, and time. The 
most generally accepted unit of length is the centimetre, the unit of 
mass the gram, and the unit of time the second. , These are the 
fundamental units of the c.g.s, system. The conversion of the 
magnitude of any quantity expressed in one system of units* to any 
other system of rational units, is an easy matter when the relation of 
the fundamental uni^s in the two^ systems, to one anbthcr, is known. 
Thus, by way of illustration, the conversion of the number express- 
ing the number of grams per cubic I'tietre tp pounds per cubic loot 
requires a knowledge of the relation of the ^ram to the pound, and of 
the centimetre to the foot. The necessity^ for the conversion of any 
physical quantityTfom one set of units to anotVer set of units frequently 
arisen in technical chemistry; suitable tables are available f(«* this 
purpose. • . • 

, I.-DETERMINATION OF SPECIFIC GR^WITY 

• t 

The term “specific gr^yity ” m^^ans the ratio of the true \Yeight of a 
given volume of a substance to the true weight of an equal volume of 

water at the same temperature, — indicated as Specific gravity 

beifl^ therefore the ratio of two weights, is a number independent 
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of the fundamental units *of \he system employed. In this respect, 
specific gravity is contrasted with density, the latter being defined, in 
the case of solids and liquids more especially, as tjie mass per unit 
volume of the substance.* Consequently, tl\e value of the density of a 
substance is dependent upon the units of the system in which the 
density is expressed. Now the unit of mas*s is so related to the unit 
of length in the e.g.s. system, that the volume of i gram of water 
at 4°C} is I c.c. (actually experiments have shown that the volume 
at 4 ° C. is I ‘000027 c.c.).^ It follows, therefore, that in the e.g.s. system, 
the numbers expressing the spqpific gravity and the density are the 
same. When the weight of a sijbstance is d./termined in air, a cor- 
rection for the air displaced by the substifnee and by the weights 
employed is practically ^never**made in technical practice, and the 
specific gravity o^ the substaifce is then taken as signifying the ratio 
oT the apparent* weights of the^^ubstance in air and of an equal volume 
of water at the, same temperature.* Should it be necessary to’ reduce 
re^djngs to vacuo, this can readily be effected by the use of the table 
contained in Physical a?idjCJtemical Tables, by Kaye and Laby, 4 th ed., 
1921 , p. 21 . 

Instead of being expressed in term^ of the weight of an equal 
volume of vfater at the same temp^fdture, the specific gravity of a sub- 
stance is. often expressed jn ter^^s oY the weight of an equal volume of 

* • r • 

wattr al *4 C, and indicate^! by d-T The relation between the two 

• • 4 

quantities is easily seen to be — 


X density of water at 

4 t 


The following ^table gives the density of water over the range from 
39°) at intervals of 1 °. More complete tables will be found in 
Recueil de^ ^onsln/iies Physiques, SocitHt^ Fram^aise de Physique, 1913 , 

* Table pf the^Densitiy of Water. 


Temp 

Density. 

Temp.# 

' Density. 

• 

Temp. 

Density.^ 

• Temp. 

, Density. 

• 

O'" 

0^998676 

, 10“ 

• 0-9997271 * 

.•20» 

0-9982303 

30“ 

0-9956f32 

1 

0-999926* 

11 

0-^96324 

. *^1 

0-9980186 

31 

0 9953670 

2 

0-9999680 

12 

0 {1995246 

22 

0-99m6G 

32 

• 0-9950522 

3 

0-g«999i0 

13 

• 0-9994041 

• 23 

0-9976645 

33 

0-9947290 

4 

1-0000000 

14 

0-9992713 

24 

0-997322^ 


0-9943975 

5 

0-9999911f 

' 15 

0-ai)9126l 

25 

0-9970708 

• 35 

0-9940578 

6 * 

«(i-9999680 

16 

0-9989697 

► 26 , 

•0-9968097 

36 

0-9937101 

. 7 

0-9it^9293 

J7 

0-f98S014 

27 

tlf9966391 

37 

0-9933546 

8 

0-9998769 

18 

*0-9986220 

28 

0;9962594 

38 

0-9929911 

9 

0-9998084 

• 

19 

0-99^4315 

29 

0-9969708 

39 

0-9926200 


^ Unless otherwise^tated, all temperatures *refei to the Centigrade sca*Ie. 2 Chappuis^l907. 
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' As unit of volume, Mohr proposed to ta^ke the volume of i gram of 
water at 17-5'' weighed in air with brass weights. It can readily be 
deduced that i Mohr litre = 1-0023 true litre, measured in terms of 
water at 4°. The Mohr unit is often employed in volumetric 
analysis. 

In general, in chemicaLtechnology, occasions arise necessitating the 
determination of specific gravity more frequently in the case of liquids 
than in the case of solids or gases. 

A very simple and quick method for the determination of 
the specific gravity of liquids, consists in weighing the amount 
of liquid contairxed in"^ a pipette of i c.c. vdlume, j?rovided with 
almost capillary tubes. The pipette is graduated to contain i c.c. 
of liquid at any desired temperature, and the pipette is filled to 
the mark with the liquid at the required temperature, and trans- 
ferred to the • balance. In weighing, the pipette is'*" supported on 
the pan in a horizontal position 'by means of a bent wire support. 
According to Ostwald, the method is Accurate to 0001. More 
exact results are said to be obtained with pipettes surrounded 
with a Dewar vacuum jacket, but the necessary adjustment and 
manipulation are then less simple. * 


IlYDf-lQMETERS 





B, 





\ 

A, 1 

1 



Most frequently the specific gravity of a liquid is determined by 
means of a hydrometer. Hydrometers must not be greasy, soiled, or 
damp, before introduction into the liquid ; they miJst 
be immersed carefully, and must be read from below, 
at the height of the meniscus, that i.^, at A^ A^, and not 

at Bj B,,(Fig. 59). ' ' 

Various scales are in use with such^ Hydrometers, 
and it wiH perhaps «assis*t‘ in u«dei‘^tandin[f tlib* origin 
and inter-relatiofl of^su^h scates if some little attention 
be, paid to the theory of fljc^ hydrometer. Consider 
I'io. fo. • then t hydrometer, the volume of the bulb up to what 
, ’ we may regard* as the zero of the stem^beiifg V. 

Suppose the lengthy oT stem is.d^ivided ^into n equal parts, each of 
volume Further, let the hydrometer,- immersed in a liquid of 
speci^c gravit^^ ^pj,*sink to the* division (reckoned *from zero) on 

the stem, and when immersed in,^a liquid of specifik gravity. P2» Jet 

the corresponding readifg be 71^, lief W be, the wej^glit of the 
hydrometer. As a deduction from ArchimC*des’ principle^ it follows 
that the weight of a floating body in a fluid is equal to the weight of 
fluid, displaced. ' ^ , 
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Therefore 

w = Qf + n,v)p, . 

• (i ) * 


W = (V + h.^)p 

• (ii-) 

From (i.), 

W ' V ' 

n. . . • . 

• 

■ (iii.) 

From (ii.), 

^ W V 

**> “ — - 

■ (iv.) 


Vpo V ^ 

. From (iii.) and (iv.) -= ^ 



• . . ^ \Pi P'^y 


If, therefore, the 

stem of the hydrometer (assumed 

throughout 


uniform in cross-scction) were divided into a yumber of equal lengths 
and numbcretl accordingly, the difference of tbt readings of the hydro- 
meter in two liquids of different specific gravfty would be proportional 
to the difference cff the reciprocals of the Respective specific gravities. 
Hydrometers graduated so a 5 to indicate specific gravity directly are 
^aduated ia this manner, and such* hydrometers are fairly often used 
for liquids ligh^ter than water, but practically never in the case of 
liquids heavier than watef. The nearest approach to direct reading 
is afforded by T^waddcirs.h>’dromet«r. The graduation in Twaddell’s 
hydrometer is made on tlie principle just explained, but the divisions 
on the scale are numberjsd in degrees, e^ch of which corresponds to a 
flifference^ of o-oo^ in tjie speci^^* gravity. The zero of the scale 
corresponds to the poinj: to .\'^jch the hydrometer sinks in water 
(J^^ncral[y th(f water is taken at 1 5° J, so that 
Specific gravity = i + 0.005 T, 

where T is the Reading of the hydrometer in degrees Twaddell. Thus, 

8" Tw. = I'Oqo. No table is therefore required for the conversion of 
degrees^ Twaddell into ordinary specific gravity, and the value of the 
degree Twaddell is quite definite. To cover the range from i-oo to 
1-85 a set of 5 ix spindles is employed. It is remarkable that this 
rational tiad. practical hydrometer should be almost universally used in 
thia ceywtry, which is so^ vdVy <cii)nscrvat:vc and. unpractical,with regard 
to weights afid measures, jvhilst Ihe continental nations, which have all 
adopted th<? metric system «f weighfs and measures (with the exception 
of Russia), have not yet^jciopted a rational hydronsqter. lif the scale 
of FWischej^’s “densimeter,”^ whic 4 ijcstimbles the Twaddell scale, each 
division re^resents*a change of o-oi In s{ 5 ecific gnavity, so that 
Specific gravity = i +0.01 F.f 

where F. is the re?^ding on the Fleiscfier scale. T*he,degrees o» this 
scale ape,jather Targe, and the scale iias falle« into disuse largely owing 
to that fact, and beew displaceS by the Twaddell scale, the degrees in 
the latter being half as lar^e as those in Fleischer’s. 

The specification of a hydrometer scaje in whjch the degrees are 
* 1 J )» n£L polyt ^. , 1876, 222^ 1 5 9. 
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represented by, equal lengths of the $tem is certainly attractive. For 
graduation purposes, such a specification offers many advantages over 
the direct reading variety. In translating the abstract notion of such a 
scale of degrees into a working instrument, confusion has resulted. 
Baum^’s is the chief hydrometer graduated in divisions of equal lengths, 
and is in common use in 'the United States and on the Continent. 
Baum(^’s original specification of the scale is as follows : — For liquids 
denser than water, 15 parts of pure sodium chloride are dissolved in 
85 parts of water at a temperature of 10° Reaumur (i2'5° C, ; 54*5° F). 
The zero of the scale is the point tp which the hydrometer sinks in 
distilled water, ai^ the point to which it sinkS in the^ 15 per cent, 
solution of salt is marked i The distance between the zero and this 
point is divided into 15 equal parts* anrd {he steTn graduated with 
a similar number of equal divisions. For liquids lighter than water 
the zero is determined by a 10 per cent, solution of s6'dium chloride, 
and the division 10 is given by distilled water. The definition of the 
scale is unsatisfactory in many respects. the salt actually used was 
seldom pure and dry. Numerous attempts have been .made to improve 
the specification of the Baumd scale, and such attempts have resulted 
in the production of a large number of confusing scales. C. F. 
Chandler^ examined various Bauu'" scales on the market, and his 
investigations disclosed thirty-four different Baumd scales, none of 
which were correct. Gerlach determined the specific grayity ot a 
10 per cent, salt solution and gave the value T-P73ii at 14° R. (17-5'' C), 
and from this he calculated a table comparing Bauirn^ degrees with 
specific gravities.^ The Gerlach scale is now practically never used ; 
the lower degrees do not agree with those ordinarily used, and the 
higher ones show extraordinary differences. 

The modern practice is to mark the hydrometers 66° B. at the point 
to which they sink in" “English sulphuric acid” (/.^., sulphuric acid of 
concentration 93 to 95 per cent. H2SO,^) al; 17-5° C, and to ^divide the 
space between this and’o° into 66^qual parts'by length. /Herd, again, 
uncertainty is introduced by the definition English sulphuric acid.” 
Pure acid was osrtainly never used, as is'prpyed by the fact that the 
specific gravity, i«^42, which is usually considered the equivalent of 
66° B,, is certainly greater thap thaf of pure sulphuric acid^at i/^-5°C., 
even at its point of maximum den.sity (97, per cent. Hg.SOJ. 

The general state 6f confusion evidenced lubove, led Kolb, in France, • 
to attempt to fonstruct a “rational” Baumd scale, based upon the 
following considerations :-r *' *' ^ 

Let W be the weight '»6f the hydroitieler, and. V the vplume up to 
zero, the reading when fhe hydrometer is ‘immersed in water (d= i). 
Suppose is the reading when the hydrometer is immersed in a liquid 

Acad. Nat. Sciences^ Philadelphia, 1881. 2 Dmgl. polyt.j!^ 1870, 198, 315. , 



HYDROMETERS 


121 


of density and let v be Ithe^volume of one degree of the stem, the 
density of water being r-ooo, then • 

W = V - (Y-nv)d 
. • , W W 

i=V^nv-W:*nv 

If the stem be considered as having unit cross-section, so that the 
volume of stem represented by one degree is uniUvolume, then v—iy and 

VV - d ~~ i 

Taking t|je mode^ji practice ^h«rcby 66" corresponds to specific 
gravity 1-842 at 15" C, it follows l?hat 
■ 

and d — 

This is the relation between the specific gravity and the reading “ n ” 
on«the “rational” Baum6 s^caie. It is not without interest to notice 
that calculation gives the Value of W as more nearly 144*4 than 144*3, 
although the latter figure is tlie one accepted. Various other so-called 
“rational” Baum 4 scales have Jjecn ba*ed on a formula similar to 
the abovcf, cJififering only* in tjie of the constant W. 

, * For iiqui(;js heavier nhan* water, ^ as already shown, the relation 
betweei^ the Baumd readigg and the specific gravity of the liquid is 
given by a relation of theTorm — 

W-n 

A slightly modified relation expresses the relation between the 
rational Baum6 reading and the specific gravity of a liquid lighter than 
water. These latter are deduced from the corresponding scales for liquids 
of specific^ gravity greater than i, by the substitu^tion of the formula — 

. . • , , , 

* * , (w - 104- «y 

the corresponding value •of W 'being .used. The following table 
contains formulae calcii‘laj:ed from the values d fc5^ the specific gravity 
of a^fO per,cent. salt solution at tlv^ respective temperatures stated:- 



f • 

» » 

*■ 

Tomperature 

ii _ Specific Kravity^ 

LiguiH lioavier than 

Liquid lighter than 

“C 

d. 

^Vater. 

Water. 

12*5 

^ # 1 *073596 

• 145*88 

145-88 ^ 



145*88 

• 135'88 + » 

*• 

15-0 

1*073350 ^ 

.7= LW 




146*3 -n. 

130 *3 + n 

17*5. 

1*073110 ' I 

146*78 

136*78 

0 


146*7'»-n 

i36*78 + « 
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The relation d— — is used. in connection with solutions of 
140-70“^^ • 

sucrose. In addition to Baum6 scales already mentioned, two other 
Baurn^ scales for liquids^ heavier than water are to be mentioned, 


viz., that used in Holland, in which d = - , and that used in 

144 

America, in which d •= . 

145 . . • 

The following taWe gives the relation between the specific gravity 
and the corresponding Baumc readings on various scales : — 

t I 

Relation between the Specific Gravity ana’ the correspond i«g 
Baumd Readings oil various Scales for Sp. Gr. less than i. 



SpeoilU' gravity. 

u 

t 

e 

' Specific gravity. 



“ Rationa>” 

AniPTicun 

' 


“ Hational” 

Aiiuticwu 

• 


Raumc. 

Raunu- 



Rail me. 

Ramil 


Degr«(!‘» 




Degrees 


, 

140 78 

«. 


,1= 

140 7S-n 

n. 

( 






u. '«•' 

6 - 

, r 


144'3-n 

145 -ft 



^ 144 3-ji 

U^~7l 

f 


1 

1-0070 

1-0069 

1 *0069 

34' 

1 ;3083 

1 -3003 

1*3015 

2 

1-0141 

1*0140 

1«0138 

^ 35 

1^ 3202 

, 1-3182 

1*3131 

3 

1*0212 

1-0211 

1*0209 ' 

V 36 

1-3324 

1-3803* 

J *3250 

4 

1 -0285 

1 -0284 

1*0280 

' V7 f 

1-3448 

1-3426 

1*3370 

5 

1-0359 

1*0357 

1 -0353 

, 38 

1-3576 

1 '3.551 

• 1*3493* 

6 

1-0134 

1*0432 

l-0426< 

39 

1-3704 


1*3618 

7 

1-0510 

1*0507 

1*0501 ' 

40 

. 1-3835 

1-3810 

‘ 1 *374*1. 

8 

1-0587 

1 *0584 

1 *0576 

41 

i *m9 

1 *3942 

1*3876 

9 

1 -0665 

1 -0662 

1-0653 

42 

1*4106 

1-4078 

1*4008 

10 

l-074{? 

1*0741 

1-0731 

43 

1 -4245 

1-^216 

1*4143 

11 

1 -0825 

1*0821 

1-0810 

44 

1-4387 

1-4356 

1*4281 

12 

1 0907 

1*0902 

1*0890 

45 

1-4532 

1 *4500 

1-4421 " 

13 

1 -0990 

1*0985 

1*0972 

46 

1-4680 

1 *4646 

1 -4564 

14 

11074 

1*1069 

1*1054 

47 

1*4830 

1-4796 

1-4710 ' 

15 

1*1160 

1*11.54 

1*1138 

48 

1*4981 

*'1-4948 

1-4860 

16 

1*1247 

1*1240 

1*1223 

,, 49 

1*5142 

1-5104 

1*5011 . 

17 

1-1335 

1*1328 

1*1310 

50 

1 *5302 

1-5263 

,1*5166 

18 

1-1425 

1*1417 

1*1398 

51 

1 *5466 

1-54<J6‘ 

^ 1*5325 

19 

1*1516 

1-1508 

1*1487 

5-4. 

' 1*5634 . 

1 *5591 t 

,l;r)48(i 

20 

rib'og 

1-1600 * 

1*1578 

» 5? 

l*£fB05 

1-5761, 

1*5652 

21 

1*1703 

1*1694 

l*]6*/0 

*>4 

J *5980 

1 -5934 

1-5820 

22 

1*1799 

1*1789 

1*1763 

" 55 

, 1-61.59 

1-6111 * 

1-5993 

23 

1 1896 

< 1*1885 

l'*l858 

56 

.1*V^342 

1-6292 

I-OIOD 

24 

1*1995 

,1*;983 

1*1955 

57 

V*6529 

1*6477 

1 *6349 

25 

1 *2096 

1 '2083 

1-20.V 

58 

1*6721 

1*6667 

1*6533 

26 

1 2198 

1*2185 

1*2153 *- 

• 59 

1*6917 

1 *6860 * , 

r 1 *6721 

27 

1*2302 

1 -228? 

l*2‘/)4 

' 60 

f*7117 

•- 1 *7059 

1 6914 

28 

1*2407 

1 *2«93 

1 *2357/ 

61 •) 

1*7323 

1*7*262 

1*7111 

29 

P*2515 

1 ■2509 

1*2402 

62 

• **7533 

1 *7470 

1-7313 

30 

1 *262S» 

1 12609 

1 *2562 

63 

1-7749 

1*7^83 ‘ 

1 -7520 

3U 

1 -2736 

, 1*2719 

1 *2677 

64 

1*7970 

. 147901 

1*7732 

32 

1-2849 

1 *2832 

1*2788 

, 65 * 

1-8197 

1*8125 

, 1:7948 

33 

1 -2965 

1-2946 

1*2900 

66.. , 

1-8429 

1*8354 4 

♦ 1 8170 


In the case of liquids lighter thar^ water, again various scales 


are in use. The Baum^ h^rdrometer, for liquids lighter than water 
is graduated in one or othpr of two, ways, -the specific "gravity corre- ' 
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spending to any reading being given either by the relatioh, 

d = , or by the American formula, d — Cartier’s 

i30 + « 130 + /^ 

hydrometer is graduated *^0 that 21'' corresponds with 21° B. on the 
instrument for liquids lighter than water; above and below this point 
16° B. = 1 5° Cartier. The Cartier degrees a^e therefore larger than the 
Baume degrees in the ratio 16:15. Beck’s hydrometer is graduated 
so that the zero com'esponds. with d— i-ooo and 30° represents a 
density 0 850; one-thirtieth of the intermediate distance -is taken as i'’ 
and graduations of the value arc ijnade both abqve and below the zero. 
The following taCfe gives tl\p relation betwefu. the degrees on 


the various scales and the specific gravity : — * 

Relation between the# degrees on var?ous Hydrometer Scales 
and the* Specific Gravity for Sp. Gr. less than i. 


Dtgreos 


AmerKMii 


» 

^)<'grec3 


Aineru-an 



lillUIlU' 





Biuune. 


Ban me. 





1 

Car tie It 

Book. 




Cartier. 

Beck. 

Anitri^'an 

, 1 4f) 




Aiiioncai) 

.i 

rf 



nauiiic. 


1:50 



Jjaunie, 

130+n 

ISJO-f-tl 



CarLior 




« 

* 

Cartier 

- - 

— 

_ 

- - 

or Beck. 

Si>. gr. 

Hp gr. 

8l>. KJ 

• 

»•;* Kr. 

or Heck 

Hp gr. 

Hp. gr. 

Hp. gr. 

Hp. gr. 

0 

0 

« 

• 


0 

, 1 -oooc 

** 36 

0-8488 

0-8434 

0-8439 

0-8252 

1 




0-9941 

• 37 

0-8439 

0-8383 

0-8387 

0-8212 





0-5885 


0-8391 

0-8333 

0*8336 

0*8173 





0-9826 

,39 

0-8343 

0-8284 

0-8286 

0-8133 

4 



.... * 

0-9770 

40 

0-8295 

0-8235 

0*8187 

0-8095 

5 




0-9714 

41 

0-8249 

0-8187 


0-8061 

G 




0-9659 

42 

0-8202 

0-8140 

' ... 

0-8018 

7 


\ 


0-9604 

43 

0-8156 

0-8092 


0-7981 

. s 




0 9550 

44 

0-8111 

0*8046 


0-7944 

9 




0-9497 

45 

0->066 

0-8000 


0-7007 

. 10 

• I'OOOO 

1-0000 


0-9444 

46 

0-8022 

0-7955 


0-7871 

11 

0'9932 

0 9<i29 

1 -0000 

0-9392 

47 

0-7978 

0-7910 


0-7884 

12 

0-9805 

0-9.S59 

0 9922 

0-9340 

48 

0-7935 

0-7865 


0-7799 

*13 

0-9799 

t) 9790 

0-9846 

0-9289 

■* 49 

0-7892 , 

0-7821 


0-7763 

14 

, 

0-9722 

0-9764 

0-9239 

50 

0-7849 

0-7778 


0-7727 

15 

0-9G09 ' 

0-9055 

0-9695 

0-9189 

51 

0-7807 

0-7735 


0-7692 


«-90«5 

0-95891 

0-9627 

0-8139 

52' 

0-7766 

0*7692 

«... 

0-7658 


0-9548 

0-9524 

0-9560 

0-90jj0 

* *53. 

0-7725 

0-7650 


0-7623 

18 

0-9480 

0-9459 

0-9483 

0-9042 


0-7684 

0-7609 


0-7589 

19 

0-9420 

0.9390 

0-9427% 

0-8994 

55 

•0-7643 

0-7568 


0-7556 

20 

0-9359 

0-9333 

0#f)^6f5 

0-8947 

56 

0-7604 

0^'75L*7 


0-7522 

21 

0-9299 

0-9272 

0-92#9 

0-8900 

1 

0-7565 

0-7487 


0-7489 

22 

0-9241 

0-9211 

0-9-237 

0-8854 

•r>ff 

0-7526 

0-7447 


0-7456 

23 

O-IMSS 

0-9150 

0-91^5 

0-8808 

^ 59 • 

0-7487 

0-7407 


0-7423 

24 

0-9125 

(i-9091 

0-9114 

0-8762 

^0 

0-7449* 

0-7368 


0-7301 

25 

0-9008 

0-90-12 

0-9054 

^0-871 7 

• bi 


C-7830 


0-7359 

20 

0-9ai2 

i)-8974 

0-89f4 

0-8673 

* 62 

• 

0-7292 


0-73-28 

27 

0-8957 

0-8917 

0-8935 

0-8629 

65 


07254 

• 

0-7296 

28 

0-8902 

0»88(tl 

0-8877 

#0-8585 

64 


0-7215 


0-7265 

29 

(4^848 

0-8805 

0-8820 

0-8542 

• 65 

«. . 

0-7179 


0-7234 

30 

0-87C5 

0-8750 

0-8763 < 

OflSOO 

66 


0-7143 


0-7203 

• 31 

0-87^2 

0-8690* 

0-87(^ 

0-8457 

67 


0-7107 


0-7173 

32 

0-8690 

0-8642 

0-8652 

0-8415 

68 


0-7071 


0-7142 

33 

0-86^19 

0-8589 

0-8598 

(T-8374 

69 


0-7035 


0-7112 

34 

0-8688 

,0-8537 

0-8545 

0-8338 

70 

• 

07000 


0-7083 

35 

0-8538 ^ 

'0-8485 

0-84^ 

0-8292 





% 


Emeray, Amer. 21, 119., 
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“Rational” Baum^ degrees. 


Sp. 

gr. 

•0 

•1 

'2 

* -3 

*4 

1 

*5 

-6 

-7 

i -8 

-9 

0-99 



*1 







-0-018 

1*00 

0-126 

0*270 

0;414 

0-557 

o-7(y) 

0-843 

0-986 

1-128 

1-270 

1-412 

01 

1-553 

1-694 

1-335 

1*976 

’2*117 

2*257 

2*897 

2-538 

2-675 

2;^14 

02 

2-953 

3-(J^> 

3-229 

3*367 

3-5*05 

3-643 

3-780 

3-917 

4-053 

4-189 

03 

4-325 

4-461 

4*596 

4-731 

4-866 

5-001 

5-135 

5-269 

5-403 

5*537 

04 

6-671 

5-804 

5-937 

^6-070 

6-20‘i- 

6*334 

6-466 

1- 6-598 

6-729 

6-860 

1*05 

6-991 

7-122 

7-252 

7*382 

7-512 

*7-642 

7-771 

r-900 

8*029 

8-158 

06 

8-287 

8-415 

8*543 

8*671 

•8-798 

8*925 

9*052 

9-179 

9-306 

9-43.2 

07 . 

9-658 

9-684 

9*809 

9-934 

10-059 

1.0-184 

10-309 

10-433* 

10-557 

10-681 

08 

10-805 

10-929 

11-052 

11-175 

l!:-298 

11*421 

11-543 

11-665 

11-787 

11-909 

09 

12-030 

12-151 

12-272 

12-393 

12-514 

12*6,34 

12-754 

12'874 

12-994 

13-114 

MO 

13-233 

13-352 

13-471 

13-590 

1,3-708 

13‘82(\ 

13-944 

14-062 

14-179 

14-296 

11 

14-413 

14-530 

14-647 

14*764 

14*880 

U*99€ 

15-112 

15-228 

15-343 

15*458 

12 

15-573 

15-688 

15-803 

15-917 

16-031 

16-145 

16-259 

16-373 

16-486 

16-599 

13 

16-712 

16-825 

16-938 

17-050 

17-162 

17-274 

rl7-386 

17*498 

17-610 

17*721 

14 

17-832 

17-913 

18*054 

iy-164 

l{?-2f4 

18*384^ 

18*494 

.18-604 

^18-713 

18-822, 

M6 

18-931 

19-040 

19-149 

19-258 

15-36^ 

19^^74 

19 582 

19-690 

19-798 

19-905 

16 

20-012 

20-119 

20*226 

20-333 

20-4C9 

*20-545'' 

20-651 

20-757 

20-868 

20-96^ 

17 

21-074 

21*179 

21 -284 

21-389 

Zl'4H 

21-599 

21*703 

21-807 

21 -921 

22-015 

18 

22-119 

22-222 

22*325 

22-428 

22-531 

22*6*04 

22-737 

22-839 

22-941 

23-043 

19 

23-145 

23-247 

! 23-349 

23-450 

23*551 

23-652f 

£-0-753 

23-854 

23-955 

24-055 

1*20 

24-155 

24-255 

24-355 

24*455 

24*554 

24-653 

24-752 

24-^l>l 

24*950 

25-049 

21 

25-148 

25-246 

25-344 

25-442 

25-540 

25-638 

25-736 

25*834 

25-931 

26-028 

22 

26-125 

27-222 

26*319 

26*415 

26*511 

26*607 

26-703 

26-799 

26-895 

26-9*90 

23 

27-085 

27-180 

27-275 

27*370 

27-465 

27*560 

27*655 

27-749 

27-84? 

27-937 

24 

28-031 

28-125 

28*219 

28*312 

28*405 

28-498 

28-591 

28-684 

28*777 

28-869 

1-25 

28-961 

29-053 

29-145 

29-237 

29*329 

29-420 

29-512 

29-6D3 

29-694 

29-785 

26 

1 29-876 

29-967 

{^6-058 

30-149 

30*239 

30-329 

I 30-419 

30-509 

30 -5 9*9 

30-688 

27 

30-777 

30-866 

30-955 

31-044 

31-133 

31-222 

31-311 

31-4(70 

’3l'-488 

31-576 

28 

131-664 

31-752 

31 -840 

31*928 

32-015 

132-102 

32-188 

32-276 

F2-360* 

32^160 

29 

32-537 

32-624 

32-711 

32-7p7 

3*2-88^ 

32-969 

§3-055 

33-141 

1 33*227 

33-812 

1-30 

33-397 

33-482 

33-567 

33-652 

35-787 

33-822 

33-907 

33*991 

§4-075 

34-159 

31 

34-243 

34‘327 

34*411 

34-495 

34-579 

34-662 

^■3»^-745 

34-828 

34-911 

34-994 

32 

3?^077 

35-160" 

35-243 

35*325 

35-407 

35-489» 

35-571 

35-653 

35-735 

35-817 

33 

35-899 

35-981 

36-062 

36-l4<o 

36-224 

36-305 

36-386 

36-467 

86-548 

^^•628 

*34 

36-708 

36-788 

36-868 

36*9.48 

’57-028 

37-107. 

37-187 

37-267 

1 

§^-346 

37-425 

1-35 

37;504 

37-583 ' 

87-662 

37-741*' 

97-820 

37''89S 

37-977 

38-t)56 

38-134 

38-212 

36 

38-290 

38-368 

3S-446 

38-524 

38-601 

38-678 

38-755 

38-832 

38-909 

38-986 

37 

39 063' 

39-14(!f 

39-217 

1 39-294 

39-370 

39-446 

39-622 

39-ffy8 

3'b-674 

39-750 

^8 

39-826 

39-902 

39-978 

! 40 053 

40-128 

40/, 203 

40-278. 

40i'353 

40-428 

40-603 

89 

40-578 

40-658 

40-727, 

40-801 

4f-875 

40-949 

41-023 

41-097 

41-;7l 

41-245 
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Table for the Conversion of Specific Gravities — Continued. 


Sp. 

gr- 

•0 

-1 

-2 

-3 

-4 

-5 

m 

-6 


-8 

-9 

1-40 

41-318 

41-392 

41*466 

• 

41-539 

41-612 

41-685 

41*758 

41-831 

41-904 

41-977 

41 

42-049 

42-122 

42-194 

42*266 

42-338 

42-410 

42-482 

42-554 

42-626 

42-698 

.42 

42-769 

42-840 

42-912 

42-983 

43-054 

43-125 

43-196 

43-267 

43-338 

43-409 

43 

43-479 

43-550 

43^620 

43-690. 

43-760 

43-830 

43-900 

43-970 

44-040 

44-110 

44 

44-179 

44-248 

44-318 

44*387 

44-456 

44-525 

44-:04 

44-663 

44-732 

44-801 

1-45 

44-869 

44-938 

45-007 

45-075 

45-143 

45-211 

45-279 

45-347 

45-415 

45-483 

46 

45-551f 

45-619 

^#687 

45-754 

*45-821 

45-888 

45-955 

46-022 

46-089 

46-156 

•47 

46-223 

46-290 

46-357 

46-423 

46-489 

46-555 

46*621 

^5-687 

46-753 

46-819 

48 

46-885 

46-951 

47-017 

47-083 

47*148 

47-213 

•47-279 

47-344 

47-409 

47-474 

49 

47*539 

47-60^ 

47-669 

47*734^ 

47-799 

47-8|3 

47-928 

47-992 

48-056 

48-120 

1-50 

48-184 

48-248 

48-312* 

48-3f6 

48-440 

48-503 

48-567 

48-631 

48-694 

48-757 

51 

48-820 

48-884 

48-947 

49-010 

49-0;3 

49*136 

49-199 

49-262 

49-325 

49-387 

• 52 

49-44a 

49-512 

49-574 

49-6^6 

49-698 

49-760 

49-822 

49-8^4 

49-946 

50-008 

53 

50-069 

60-131 

50-193 

50-254 

50-315 

50*376 

50-437 

50-498 

50-559’ 

50-620 

54 

50-681 

5^742 

50-803 

50-864 

50-924 

50*984 

51-045 

51-105 

51-165 

51-225 


51-285 

51-345 

51-405 

5i-4S5 

n-525 

51-584 

51-643 

51-703 

51-763 

51-822 

56 

-51-881 

51^40 

si-ooo', 

k52-i)58 

52-1*17 

52-176 

52*235 

52-294 

52-353 

52-411 

57 

52-469 

52*528 

52-587 

52-645 

52-703 

52-761 

52-819 

52*877 

52-935 

52-993 

58 

53-051 

53-109 

53-1^ 

53-?25 

53-282 

53-339 

53*397 

53*454 

53-511 

53-568 


53-625 

53-6^ 

53-731 

53-796 

53-853 

^ % 

53-509 

53-966 

54*023 

54-079 

54-135 

1*60 

5f-191 

54-248 

54-301 

5f-360 

54^16 

54-472 

54*528 

54-584 

54-640 

54-696 


M-751 

54-807 

54 -SO^ 

54-91i6 

^4-973 

55-028 

55*083 

55-138 

55-193 

55-248 

• *62 

55-303' 

'55-358 

55-413 

55-468 

55-52,^ 

55-577 1 

55*632 

55-687 

55*742 

55-796 

ffj 1 

^5-850 

55-904 

55-958 

§6-012 

56 -0(^6 

56*120 

56-174 

56-228 

56-282 

56-336 

61 

56-389 

56-443 

56-4«7* 

56*550 

56-603 

56*656 

56-709 

56-763 

56-816 

56-869 

1*05 

56-922 

«^-975 

57-028 

57-081 ; 

57*131 

57-186 

57-239 

57-291^ 

57-344 

57*396 

66 

57-448 

57-501 

57-553 

57*605 1 

57-657 

57-709 

57-761 

67-813 

57-865 

57-917 

• 67 

57-968 

58-020 

58-072 

58-124 

58-175 

58-226 

58-278 

58-329 

58-380 

58-431 

68 

58-482 

58-533 

58-584 

58-635 

58-686 

58-737 

58-788 

58*839 

58-890 

58-940 

• 69 ^ 

'58-990 

59-011 

59-092 

59*142 

59-192 

59-242 

59*292 

59-342 

59-392 

59-442 

J-70 

59-492 

m)-542 

59-592 

59-641 

59^91 

59-741 i 

59-791 

59-840 

59-890 

59-939 

71 

^59-988 

60-038 

60-087 

60-136 

60-185 

60-234 

60 -.^3 

60-332 

60-381 { 

60-430 

72 

6(F4f8 ' 

►60-527 

60-576 

60-625 

60-673 

60-7*21 

60-770 

60-818 

60-866 

60-914 


^0-^2 

61-010, 

61 -058 

^)l-ia6 

61-154 

,01-202 

61-250 

61-298 

61-346 

61*394 

74 

61-4-y 

61-489 

61 -.#7 

61-585 

\ 

61^32 

61-679 

• 

Cl -727 

61-774 

t) 1-821 

61-868 

1*75 

61-W5 

61-962 

62-009* 

1)2-056 

62.103 

62-150 

62-197 

62-244 

62-291 

62-337 

76 

62-383 

62-430 

62-4^, 

*2-523 

62-569 

62-Sl5 

62-662 

6^-708 

62-754 

62-800 

77 

62-846 

62-892 

62-" 3a 

62*984 

63-030 

63*075 

63-121. 

► ^3-167 

63^2 13 

63-268 

78 

63-303 

63-349 

63-395 

63-440 

63-485. 

.63-530 

63-576 

63-621 

63-666, 

63*711 

If 

63;Ki6 

63-801 

• 

63-846 

• 

63-891 

65-986 1 

• 

J3-980 

64-025 

. 

64-070 

64-115 

64;159 

1*80 

64-203 

6^-248 

64*293 

64-337 

64-«8\' 

64-425 

64-468 

64*514 

64-568 

64-602 

81 

64-646 

64-690 

64-73% 

64-778 

64-822 

64-866 

641910 

64-954 

64^98 

65-041 

82 

65-984 

«5-128 

65*172 

65*215 

65*^5^ 

65-301 

65-3451 

65-388 

65-431 

65-474 

83 

65-517 

6i*66P 

65-603 

65*646 

65-689 

65-731 

65-774 

65^817 

65-860 

«-902 

84 

65-944 

*• 

65-987 

66-030 

6f-073 

66^115 

66-15J 

66-200 

66-242 

66-284 

66-326 

. 1-85 

66-^88 


i 

• • 


< 

\ 
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Special Forms of 'Hydrometers. 

An instrument for determining the specific gravity of small 
quantities of liquid, callpd an Aero-pyknT)meter, has been devised 
by Eichhorn.^ ' It is a hydrometer which# contains a bulb, provided 
with a stopcock, between .the spindle and the gravity-bob ; the bulb 
holds 10 c.c. and is fihed with the liquid under investigation. If the 
instrument is then immersed in distilled water at 17 * 5 '', the specific 
gravity is indicated cfirectly on the scale. A similar instrument has 
been described by Rubpnstorff- ^ 

Special hydrometers, such as alcoholometers, *saccharfmetcrs, aceto- 
meters, etc., have long' been used in various industries, some of 
which arc subject to offi(/ial contror Sirr^ilar instruments for the 
hydromctric examination of mineral ^cids, alkalis,* and salts, made 
according to the most reliable* tablqs, have been introduced I5y 
G. Muller^; they are not, however, in very genera] use. Detailed 
temperature correction tables for thes^^ hydrometers for nitric acid, 
sulphuric acid, hydrochloric acid, and aiAnv^nia, am) also tables for 
a large number of liquids and solutions, have been compiled by 
P. Fuchs,^ 


Temperature ^..orreccion ;or P[ydrometers. 

For purposes of conversion ef the re^ading of a hydroKacto*" to 
the corresponding specific gravity, care Ih^ist be taken that the 
correct conversion table is employed. The temperature for which 
the hydrometer is graduated is generally stated on tlie hydrometer, 
and in general, if the temperature of the liquid differs from this 
temperature, the necessary correction for temperature must be applied. 
For all temperatures higher than the standard temperature, the volupie 
of the immersed portion of the hydrometer up to a given jc^ading will, 
in general, be greater than at ,the stai^ard temperature. vve^ght 
of the instrument will be the sqmehs ^t the standard tempicrature. 

Since the hydrometer reading^s decrease upwards fra.n the bulb 
along the,stem, <11 Jollows that at temperat<h»3s above the standard, 
the hydrometer reads high, while for temperatures below the stii^dard 
the readings will be low. If temperature at which the liydrometer 
readings are correct, and t = te,inperatur« at which Vhe hydrometer 
is used, the re^l specific gravity of the liquid lit / is givcij by^ 

^ - D, = - - 

where D is the oKserv^d specific gravity, and g the coefficient of 
cubical expansion of thh material of the' hydrometer. .Using the 

^ Ger. PaU^ 49683. 1 - Chem. Zeit,^ 1904, 28, 88^. 

*'• Chem. Zeit.^ 1898, 22, 104. * Z , angew. Chem.^ 1898, IX, 745 and 909. 
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value 0-000023 as a mean valj^e for glass, the error in the density 

due to a difference of temperature bf 10°, between the actual and 
standard temperatures, is of the order of 2 parts in 10,000. 

The temperature correction generally requh-cd in hydrometry is that 
necessary to reduce readings of a hydrometer graduated to indicate 
specific gravity at a specified temperature T, referred to water at a 
specified temperature T\ to the basis of another hydrometer, standard 
temperature t, and water. reference temperature, The correction 
necessary can be determined from the following table 


Glvon 
JJasis of 
l)ou.siLy. 




D-:-C 

4 •• 


If- 


)^lTc 

17 - 6 ^ 

D%C. 

25 ' 


Keiimrod Basis of Density 


•jy 

D-,.o 

‘JO 

D .^.-e. 

^ u-y 

4 0 

* . . 


1) 

in -50' 

1, 17 6' 

l.jy-jA 

20 

25 


k 


A (m units of 81 Uh decimal place) 

t 




0 

• 

1- 115 

-1- 172 


-1 230 L- 1104 

■1-1177 

-1-1459 

-1 1884 

+ 2931 

- nr. 

•0 

-1- 58 

\ W2 

-1 115 

t 989 

+ 1(?62 

l-]3ir) 

-1-1769 

-1 2816 

- 172 

• 

- 58 

0 

m 

; -1- 45 

i 58 

^ • 

-1 93:* 

-1 1005 

■1 1287 

+ 1711 

+ 2758 

- 517 

- 102 

- 45 

• 0 

-r €3 

-1- 887 

1- 960 

1 1212 

+ 1CG7 

1- 2713 

^ 230 

• 115 

- 58 

• • 

- 13 

• 

• 

4) 

V 874 

+ 947 

-1 1229 

+ 1654 

1 2700 

- 1103 

- P88 

03^ 

- 88G 

873 

0 

1- 73 

r 354 

+ 779 

+ 1826 

- 117G 

- I^Gl 

1001 

- 960 

- 947 

- 73 

0 

-1 281 1 

+ 706 

1 1752 

r 1457 

- 1343' 

- WGG j 

-1285 

1240 

1227 

- 354 

281 

0 

1- 424 

+ 1471 

-1881 

-1708 

-1664 

- 16^1 

778 

- 705 

- 423 

0 

1-1046 

*2f2f' 

-•2808 1 

- 2751 

2707 

2694 

1821 

- 1748 

1468 

-1041 

0 


• • 

• • 

• 

t 







The use t)f the table is« best e^plaine^I by an example. Thus 

• • • 20" - 

suppose the hydrometer int^cates correc^y D "The correction is 

required in order j.h 3 t it shall jndicate gr. D j Correspond- 

ing to In ^Ttical column, and horizoritally", is the value 

4 • * , ^ 

-f- 1062. •Accordingly, • t 

■-= A [^D whefe A =0.001062. 

•15-56 4 -V 15-56/ 

• U.S. Bureau of S^andards^ Ctnular No. 19 . 
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f ^^0 J w 

Thus, if the' density indicatecj D-^ were 1*5760, then D ' y^o 
would be, 

1. 5760 + (i. 5760 X. 001062) = 1. 5760 + . 0017 - 1.5777. 

When A is prefixed by a — sign, the corresponding correction is to 
be subtracted. 

The scale of a hydrometer is generally printed on a paper cylinder, 
which is then inserted in the stem of the hydrometer. The scale is 
liable to move with regard to the stepi, and for this and other reasons, 
hydrometers in actual use should be checked'' either by compasison 
with reliable standard instruments, graduated in real specific gravities, 
or by a comparison of thc^specific gravity of a liqdid as determined by 
the pyknometcr or “sinker” method, with the value as determined by 
the hydrometer. , ^ 

The Second International Congress of Applied Chemistry (1896) 
passed the following resolutions regarding ‘'hydrometers : — 

1. The scales should be either in specific gravities, or in degrees 
Baum^, Brin, Balling, etc. The relation of the degrees of the specific 
gravities are to be determined by an International Committee. 

2. For liquids with different capillary propercies, special hydro- 
meters, graduated accordingly, should be used ; otherwise correspond- 
ing corrections must be made. 

3. Readings should, as a rule, be taken, at the intersection of the 
surface of the liquid with the stem of the hydrometer, withput regard 
to the meniscus. In the case of opaque liquids, whe;e this is impos- 
sible, the readings of a hydrometer which has not been specially 
calibrated for such liquids must be corrected to give readings cor- 
responding to the actual surface of the liquid. 

4. Hydrometers should be provided with a centigrade thermometer 
graduated from zero point. 

5. One<end of the spindle should be provic.cd M^ith a m^rk Coinciding 

with the final graduation of the scale, in order to be sure that the scale 
does not change its position. ^ ^ 

6. The total etrors of a hydrometer shovld not be greater than one 

graduation of the scale. . • • 

1 

Calibration of Hydrometers. 

For purposes of calibrating the readings of hydrometers^ it is very 
desirable that a reliable and accurate "method for the determination of 
specific gravity should be available. Such i method is provided by the 
use of the pyknometer. The most convenient form of pyknometer is 
sho'rVn in Fig. 60. The weight of water and of the liquid whose specific 
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gravity is to be determined, respec^vely required to fill the pyknometer* 
between the mark A and the end of the limb B, is ascertained, 
the temperature in each case being adjusted to any •given value by 
immersing the pyknometer and its contents in a 
bath at the desired temperature. Excess liquid is 
removed from the limb B by touching the end of B 
with blotting-paper. According to Ostwald, deter- 
minations of specific graVif?y by means of a pykno- 
meter can be made with the following accuracy ; — 



Volumfliof Pyknon»*er 
5 C.C. 

25 C.C. , 

200 C.C. ' 


Probatjle Erior 
*±.0001 

m ±.00002 % 
, ± .000002 




•When a vs'Iatile liquid is q,scd in the pykno- * 
meter, the latter js provided with ca'ps at the ends of the limbs. 

I[^the pyknometer is filled w*ith liquid at temperature and with 
water at temperature 4, anol^if^ ^ 

W„ W^iglit «f pyknometer empty, 

• ^ “ W(?iglit of p}diijometer + water, 

• W.^ ^ Weigh*- of pyktf ometcr + liquid, 

• * * * * ♦ 

airwejgh^ bcinjr corrected for buoyawey of air, A 

at /(,, then specific gravity ^of liquid, 

4 W, + Wo'^ 


Density of water 




/o)l 


where y*= coefficient of cubical expansion of the material of the 
pyknometer, and /equals 0-000023 for ordinary soft glass. 

Ostwald has j^ointed out that in veVy exact mejfsurements of specific 
gravity by means of the p}*knopeter, attention must be paid to the 
fact tliat tlie gjass after expansion heat, does not immediately resume 
its original ^iolume on cooling. He therefore advises avoiding the 
application of heat for* cleaning purposes, and su^ests that the 
pyknorneter should be cleifned by treattnent successively with water, 
alcohof * or ,dther, tjie latter being*, rapidly removed by a current 
of air. Care mKst be takeii that ether leaves no resjdue on 
evaporation. ^ ^ • , • 

The Westphal ^balance is frequently employed for tha determinah'on 
of the speoijic gravity of liquids, and ^3 modifi^ed by Mohr can be used 
for, solids anii liquids* The *V\^cstphal balanc'c is shown in Fig. 6r. 
The plummet employed consists of a mercurial thermometer enclosed 
in a glass case, and this is suspended from tlip right aj-m of the balance. 
The beam is fiift counterpoised, so, that the ^balance is in qquilibdum 
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'when the plummet is sunk in distilled water, by placing riders in 
suitable notches in the beam ^ as shown. When the plummet is 
immersed in liquids of other densities, the weights are adjusted 
until equilibrium is restored. The weights of the various riders 
are so adjusted that the density of the liquid can then be read 
off directly. Mohr’s modification is shown in Fig. 62. The plummet 
together with the suspending platinum wire weighs 15 g., and the 
displacement of its volume is equal to 5 g-. Of distilled water at 15°. 
Riders are provided whose respective weights are 5 g., 0-5, 0-05 and 
0‘005 g. respectively. To use the 1 alance, the larger rider is put on 



Fio. 01. Fiq^ 6 ^. 


the same Hook with the plummet, and the latfter ‘‘immers'^d in distilled 
water, when equilibrium is restored : in This position ^he platinum 
wire twisted rotnd the top of the plummet below the surface of the 
water. If the liquid whose density is requ?red is lighter than distilled 
water, when the plummet is immersed in it, the jarge rider must be 
placed on the divided beam, so that equilibrium is restored. Should 
the large rider require to be placed betvV^een two notches for this 
purpose, it is placed on the' notch of lower value, and then the 
next smaller rider employed in like manner. Should the ^position of 
the second rider fall btitween two notches, T is Jikewise placed in the 
lower valued notch, and succeeding riders employed in the same 
manner until equilibrium is restored. Should two riders be required 
at \he same notch, the smaller is suspended from tile larger. The 
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« * 

specific gravity of the liquid is then read off directly to the fourth 

decimal place from the divided beam. If a liquid heavier than dis- 
tilled water is tested, the j^rocess is as described, exCept that one of 
the large riders is hung from the hook with the plumgiet, while the 
others cross the beam at thcfir respective appropriate notches. 


Flotation Method* for Determining Specific Gravities. 

When the^liquid wljose specific gravity is required is available in 
exceedingly small quantity, the best method is^to determine a mixture 
of liquids alcohol and water) in which^the liquid is insoluble, in 
such proportion that the 4ilertsity of the mixture is equal to that of 
the liquid. Having found liquids in vvhich the given liquid is insoluble, 
a ‘series of mixtures of these# is made, and, by trial, *two adjacent 
members of the ^series are determined, such that a drop of the given 
liquy:!^ released from a fine* ti»be under the surface of the mixture 
descends in the £)ne and%as(iends in the otheg*. The relative pro- 
portions of the constituents the mixture are then adjusted, until 
the given liquid v^ien introduced below’ the surface at any depth 
remains stationary. The'spe^iific grgivity of the mixture is then ascer- 
tained by ‘any of the preoeding* mg)tho^ds, and is equal to the specific 
gravity the liquid in question. Gare must be taken that no air 
bubbles are attached to drop of liquid when introduced into the 
liquid mixture. , 

A similar method can be applied for the determination of the 
specific gravity of solids of which very small quantities only are 
obt'ainabTe. The following liquids of high specific gravity are useful 
for this purpose :r— 


• • SubiPtance* * ^ | 

• . • 

Holvont. 

f 

Maximum (^ensity 
of .SoluUoii 

• * 1 

Double Iodide of I’otassiii^ ^and Mercury 
Cadiuiuin JSoiotuugbt.itc . . 

Meicuric and Barium Iodides . 

•Methylwie Iodide . . . . *.1 

• • • • I 

V^ater 

• 1) 
Benzene 

• 

• 

• 3 -IDO 
. 3-281 • 

3-588 

3-33 


Determination of Specific Gravity by Use of a Sinker. 

• The specffic gravity of j liquid can be vety accurately determined 
by means of a sinker, provided the liquid is not too volatile, and is 
obtainable ifi sufficient quantity.^ A glass cinker containing mercury 
or lead shot i^* made of the form shown ie Fig. 63. This sinker is 
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suspended from one arm of the balance by means of a fine platinum 
wire and its weight ascertained — 

I ' (^) 

, * (2) in water at temp, =- 

/ \ (3) in the li(}uid at temp. VV2 

I ] thj^n the specific gravity of the liquid — 

^ where A = density of waiter at and y = co- 

efficient of cubical expansion of the material oi the 
sinker = 0-000023 for glass. 

Calibration of Sinker . — Provided the*^ weighings in the liquid and 
water are made at the same temperature, which tclnperature is used 
throughout as a standard temperature for all liquids — • 

4 w„-\v, , 

■ . - +'_^0 
w„-\Vi .\v„-vv; 

fc / 

The curve giving the relation between, and Wg is* therefore a 

straight line, and this straight? line being drawn foi» a sinker,* the 
specific gravity of any liquid can be re^d off directly when the 



* Fip. G4. % 

appropriate vaiue of W., has been ascertained.* The straight line 
can be drawn from th^. values" of Wo appropriate to tWo values 

■ t * • * * 

of D-\ or can be draw^n as .shown in Fi^. 64. The specific gravity 


corresponding to any asca'tained v£\lue of Wg can then be directly 
rea^ from the straight line^ graph. , - ' 
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• In carrying out determinations of specific gravity by this meth<jd 
capillary effects produced at the'poipt where the platinum suspension 
wire cuts the surface of the liquid reduce the sensitiveness of the 
balance very considerably, This disturbing factor can be reduced by 
coating the wire with platinum grey, as suggested by Kohlrausch^ 
The platinum grey is produced by making the platinum wire the 
^ solution of platinic chloride bontaining a 

anode T of platinum wire is used as 

anode, and current from a battery of about 4 volts E.M.P'. is passed 



until the Itathode v eqat^d with platinum black. The wire is then 
removed an3 heated in a JSunsenp flame to redness 

The singer method ha. been applied d>y the Cambridge and Paul 
Scientific Instrument Tympany to the construction of L recording 
Jnaimet^. whereby a continuous teeord is obtained of the density 
o a liquid (see >.g. 65). The ^inkd^ F is.suspended by a "fiS 
platmum wire in such maTiner aS to be totally ^immersJl in the 
liquid in que*.on, The suspended . wire is connect«l to the bell 
r^"Th^r of which are transmitted to the Boom 

P sed by a weight. The movements of £he boom arc conditioned 
by .h= ,es,..,„ce ,0 of Ho .tool »d 0?™“ 

• * ^ V%f 56, p. . 
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helical spring K. The boom I swings 'above the drum D of a 
thread recorder. The drum r9tat€s at a predetermined rate and 
carries the recording paper. A clock-driven cam operates the cam 
wheel C, and tlie presser bar A is depressed at intervals of half 
a minute or one minute. The presser bar depresses the inked 
thread on the recording paper at these intervals, so that a record 
in the form of a serjes of dots practically forming a continuous line 
is obtained. In the intervals between the depression of the bar, the 
pointer is free to take up another position. Ordinarily a full scale 
deflection of 8o mm. corresponds to a change of 2-5 per cent, in the 
density of the solution. The record sheet ca'i be calibrated to pead 
directly in terms of specific gravity. 

In another form, employing two sinkers of exactly the same volume, 
the one immersed in the solution, a reco.d of whose density is required, 
and the other in water at the same temperature, the effect of 
temperature changes is eliminated. 

Coefficients of Expansion of Liquids : Ar , solute 

AND Ait’arent'^ 

The value of the coefficient of expansion of a liquid is frequently 
required in chemical technology, P'3 it enables the value ot tbe specific 
gravity of the liquid to be corrected to any desiret^ teiAperaturg. 
Moreover, a knowledge of its magnitude is of especial impoptanie in 
calculating the allowance to be made for expansion space in transport 
and storage vessels. The coefficient of expansion, can be most 
accurately determined by means of the pyknometer. 

The weight of liquid filling the pyknometer at temperature is 
ascertained and found to be (M + w). 

The weight of liquid filling the pyknometer at .some higher 
temperature, /g is likewise determined and found to be M., ,It follows, 
therefore, that if p = the density of t^he liquid at /j, sipce, a mass 
(M-f w/) fills the pyknometer at terrtperature * 

vM + w ^ V ' 

V being the volume of the pykilosneter at /j. • ^ 

in like manner, if F = coefftcieni: of absoliTtecxpjfnsmn of the liquid, 
and ^ = the coefficient of expan^ioh of the' m[iterial of the pyknometer, 


M', 


O! = V! I +.?•(/, -A)} 

Mj] 

r + Ef 4 - / 

% 


M +'/// 

Ji' = . 


in 

, /M + it)\ 

E ^ 




Hence 
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It must be noted that when* liquid is contained in a vessel, an^ 
expansion of the liquid is accompanied by an expansion of the vessel. 
The apparent expansion of the liquid is for this reason less than its 
absolute expansion, and for storage and transport purposes it is this 
apparent expansion that i^ important The coefhcierft of apparent 

7 // 

expansion A, is given by ^ p-. (N.B. •M = weight of liquid filling 

py kilometer at upper tefnperatura 


••t 


E 




M + 7n 

.M ' 


As, in general, m is small compared with M, the above equation may 
be written : — • • i 

, * a+a^. 


Ii*the pyknonjeter be of quartz, = ^?*(very nearly) and E — A. 

The coefficient of expansion of <he liquid can also be accurately 
determined by ascertaining* tl^^ specific gravity of the liquid by the 
sinker method at two tcimperatures, temperature corrections being 
applied as already explained *^p. 129). The diSiculty of maintaining 
the liquid at an}/ desired temjjerature . is reduced if one chosen 
temperatup is, if possiblp, and tbe other atmospheric temperature. 
The readings of specific gyivity^n^*thcn be made by the hydrometer, 
tfie* j^e(^ution^ already specified and^tfle corrections enumerated being 
applied in every case. ^ * 

p/, being the specific gravity at /j, and Pt. the specific, gravity at 
K the cocfficicn1*of ab.solute expansion. 





li + E(q-q)} 


giving 


K - 


/>/, ^ 


•The coefficient of expansion is Also determined by the dilatometcr. 
An apparatus tvhich allows^for the simultaneous examination of eight 
samples lias^been d 5 vis(?d by ftoldo. 'J'hc dilatometers (Figs. 66, 67, 
and 68) havj the shape of bulbs of aljout 30 c.c. capacity with graduated 
stems. The initial voh^naq^of liquid is adjhsted in a Jarge water bath 
as shown in Ing. 67. r#or higher temperatures, fhc water bath B 
is pltfbcd a vapour bath heated a Jliun.sen burner. The vapour- 
ising liquid is efipsen accordii;g to the temperatufe fo be attained in the 
bath. Reflux condcnsatioii is provided for at ^.t A number 5f dilato- 
meters, togethe* with a thermometer g^-aduated to !enth*s of a degree, 
are suspended by means of fubber ^-ings in the bath.* Fig. 68 shows 
the method, of charging the dilatometers il^lh the liquid by suction 
with a capillary tube. TTie stems of the cKlatometers are carefully 
calibrated with the aid of mefeury. The volume up to the zero mark 
is determined^by weighing the Hilatometer filled up to the zero*with 
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» ( 

Water at an ascertained temperature?; the weighings being reduced 
if necessary to vacuo. The coefficient of expansion is given by 





+ 


where V., and are the volumes at C'and respectively, and g 



Ki'i. oi? Fiu. 67. Fia. C8. 


is the coefficient of expansion of the material of the dilatomciter. 
The value of the coefficient of cubical expansion E havkig been 
determined, the correction of the specific gravity of the liquid to any 
desired temperature \s given by ' ^ 





where D.^ and are the r.espective specif.c gravities at temperatures 
and /j, the specific gravity in each case^ being in terms of water 
at a single temperature, such ^is,, 15°. If the density p., t^e 

expressed in terms pf watef at Vg, the further c(i*rrection* on p. 117 
must bejntroduced.' c’ • * 

♦ f 

< < , ' • • 


* Relative Density of Gases * 

For gases, the term‘G 4 nsity or relatii^e density is mofe commonly 
used than the term specffic gravity. By the absolute density of a gas 
is meant the mass of unit^volume (i c.c.) of the gas measured under 
star^iard conditions of temperature and pressure (o”C!’ and 760 mm. 
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mercury pressure). In technical practice the measurement of absolute 
density of a gas is seldom called fpr, and the relative density of a 
gas is what is practically always required. By relative density is 
meant the ratio of the weight of a given volume of the gas to the 
weight of an equal volume of air (or hydrogen) measured under 
the same conditions of temperature and pressure. All gases follow 
very closely the two gas laws, viz. : — 


The Law of Chai'les: the volume of a given mass of gas under 
constant pressure is proportional to the absolute tempera- 
ture of the gas ; and • 

• Boyle’s Law : the* volume o£ a given mass of gas at constant 
temperature is inversely proportional to the pressure to which 
the gas is^subjectiedf 


* As a consequence of Charles’s La\«', it is obvious that jn the case of a 
gas, the relative density of the gas 43eing measured in terms of air (or 
hydrogen) under the same conditions of temperature and pressure, the 
rel^fivc density is independent of these conditions. If the value of the 
density of the gas under various conditions of temperature and pressure 
is to be expressed in terras of *air ^or hydrogen) at any fixed tempera- 
ttire and {)re«sure, the calculation is ^nade by means of the relation, 



• 1^1 •_ .^2 


where is the relative density of the gas under conditions of pressure 
and absolute temperature represented by i\ and Tj, the suffix 2 having 
similar reference to the conditions represented by Dg, Po, Tg. Thus, if 
tlie density of coal gas at 15" and 760 mm. pressure is 0-430 (measured 
in terms of air air 15° and 760 mm. pressure), then at 30'’ and 780 mm. 
pressure the density of the coal gas*in terms of ^ir at 15'’ and 760 mm. 
pressure vs^Dfild be Dg, given by 

•„ # 780 


giving 


760 ^ 

0.430x^273+ 15) . 1).,(2^73 + 3 o) 

IX • •0,440 X 780 X 288 

1), =. L r. 0.420. 

• 760x303 


Chemical l:heory ftidicatcs that if 'tl^e *relative* density of a gas be 
expressed in terms of hydrogen (uncfer'the same ^londitions oflempcra- 
ture and pressifi'e), then the molecular weight of the* gas Ts represented 
by twice ^the density (relativt; to hydrogen). It was customary up to a 
few years*ago, to express th® atomic weights^^ the elements in terms 
of hydrogen = i. The atdmic weight of oxygen on this basis is 15-901. 
At the pregent time, the international atomic weights are expressed in 
terms of oxygen = 16, and the i-elative de*nsities oT various gases are 
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frequently expressed in terms of oxygen =»■ i . ‘The following table contains 
values of the densities (relative ai\d absolute) of various gases : — 





1 * 

In grama of one litre of ga.s 

1 





Molecular 

Formula 

Weight 

0 r k; 

1 

— 

— 

— 

Relative Den.slty of 

Gas. 

< d 

S3 

^ Dry 

Satur.atc<l 
with water v.apoui 


Dry Gas 




AtO’C. 

Ati.rc. 

Aterc. 

At 

Air 

O\ygon 

Ilyilrogfiii 





& 700 mm 

A Too mm. 

A 700 mm 

itVOOmm 

1 

= 1 

= 1 

Acetylene . 

CAL 

26-02 

1-181 

1-120 

1-179 

Mil 

0-914 

0-826 

13-14 

Ammonia . 

Nil, 

17-03 

0-7708 

0-7307' 

0-7711 

o-7:^^i 

0-596J * 

0-5394 

8.-577 

Benzene . 


78-05 

3-486 

3-301 

'3-470 

3-201 

2-696 

2-438 

38-79 

Butane 

c„n,o 

58-08 

2-599 

2-464 

2-589 

2*436 

2-010 

1-819 

28-92 

Butylene . 

C,li^ 

56-06 

2-504f 

2-373 

2*194 

2-346 

4-937 

1-752 

27-87 

Carbon 





4l 




Bisulphide 

CSo 

76-14 

3-401 

3-224 

3-3^6 ' 

3-183 

2-631 

2-380 

37-84 

Carbon 



« 





« 

Dioxide . 
Carbon 

CO., 

44-00 

1-9768 

1-8738 

l-Oi'O 

1*854 

1-5291 

1-3833 

21-996 

Monoxide 

CO 

28-00 

1-2,504 

1-1854 

1-248 

1-178 

0-9t)/2 

0-8760 

13-913 

Chlorine . 

Cl. 

70-92 

3-221 

3-053 

3-207 

3-015 

2-492 

2-254 

5.V84 

Cyanosren . 

(CN)., 

52-02 

2-336 

2-215 

2-327 ‘ 

?.'191 

1*807 

1-635 

25-99 

Ethane 

C,H, 

30-05 

M-356 

1 -286 

1 -Sf).? 

<jl-277 

l-d'iO 

0-949 

15 09 

Ethylene . 
Hydriodic 

C.IL 

28-03 

1-261 

1-196 

1-2548 

1-189 

5**285 

0-975 

0-882 

14-03 

Acid . . 

HI 

1-27-93 

5-659 

5-364 , 

‘•5-630 

♦•377 

3-960 

62-9^ 

Hydrobro- 




* 


♦ 




mic Acid . 

HBr 

80-93 

3-505 

3 -.322 * 

3-188 

3-277 

2-711 

2-453 

39-00 

Hydrochlo- 




1 

> • 

♦ 

, 


»• « 

ric Acid . 
Hydrocy- 

HCl 

36-47 

1 -6398 

1-554.1 

1-()31 

1*541 

l-.re7 

1-2684 

1-1 17,f'-. 

4,8-246 

anic Acid 

HCN 

27-02 

1-206 

1-113 

1*204 

0-933 

0-844 

13-42 

Hydrogen 1 

H, * 

2-016 

0-08987 

0-08519 

0-09433 

0-09651 

0-069f2 

0-06289 

1 -0000 

Hydrogen 

Sulphide. 

H,.S 

34-08 

1-.538 

1-458 

1-531 

1-447 

1-190 

1-076 

17-Jl 

Methane . 

Cfli 

16-03 

0-7168 

0-6798 

0-7178 

0-6808 

0-5545 

0-5016 

7-970 

Nitric Oxide 

NO 

30-01 

1-3402 

1 -270 1 

1-337 

1*262 

1-0367 

0-937V 

14 -9] 3 

Nitrogen . 
Nitrogen* 

IN, 

28-02 

1-2507 

1-18,56 

1-248 

1-179 

0-9674 

0-97^0 

0-8752 

13-917 

(atnio.sphpric) 


• j 

1 -2.566 

i-i9ia 

1-254 

1-185 

0-8794 

13-083 

Nitrous 


r 





1-529^ 

• 


Oxide . 1 

N,,0 

44-02 

1-9777 

1-8747 

1-971 , 

'1-854 

1-5840 

22-008 

Oxygen . , 

0 ; 

32-00 

1 -4290 

1-3546 

1 •4*J6 

1-iM . 

1-1105 

1*00»0 

19-901 

Ozone . . 

0, 

48-00 

2-144 

2-033* 

136 

2-012 

r66() 

•1 -500 

23-85 

Pentane . 

c;n,. 

72-10 

3-220 

3-052 , 

3-206 

.1-011 

2-491 

2-253 

35-83 

Propane . 

C;H; 

44-07 

2-020 . 

1-915 

2-013 < 

1-897 

1 -563 

1-414 

22-48 

Propylene . , 

.C|H,. 

i2-05 

1 -937 

1 -836 

1-931 


1-498 

1-355 

21-55 

Sulphur 


• 




• 




Dioxide , 

so. 

64-07 

2-9266 

2V7^2, 

2-913 

2-739 

2-2638 

2-04SO 

^32-565 

Air % . . 



1-2928 

V2255, 

1 -2899 

1,-2177 

1^-0000 

0-8047 

14-385 





« 



_ji 




* One litre of “ atmospheric'uitrogen ” coiitains,983'14 c c. of ptre nitrot^cii ami II ’SO c.c. of argon. 

* * . • * 

The absolute values of densities at^^o” and 760 mm. (dry) are 
experimental values. T4;^ relative den^itfcs are ^xpressec}, in terms of 
the respective standards* at o" and 760 mm.* Departures of the gases 
from the laws of Boyle and Charles will necessitate the introduction 
of oorrections into the values of the rijlative densities at other ^ 
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ft 

temperatures and pressures. Fcr the permanent gases, the necessary 
corrections arc small and for techi'ycal purposes negligible. The 
densities of the gases saturated with water vapour are given under a 
total pressure of 760 mm., partial pressure of gas -f partial pressure 
of water vapour = 760 mm. ^ 

The specific gravity of a gaseous mixture ^can be calculated from its 
percentage composition. The following will illustrate the method in 
the case of a sample of eoa.1 gas :~ 


• 

Percentage 
by Volume.® 

• 

Sp. gr. 
relative to 

Air at o’ C.‘ 

Protliict. 

CO, 

T 

« 

1.2 

X 

and 760 mm. 

1-529 

1.498 

CO 

Cn 


■ 0 ’ 

X 

5-093 

0., 


X 

1. 1 10 

0-333 

CO, . 

6.8 

• 

X* 

0.967 

> 6.576 

CH. . 

• 32.9 

X 

0.554 

18.227 

11., • . 

. 49.2 

X 

0.0695 

3-419 

n; 

. ^ 6 . 2 " 

X 

0.967 

5:995 

« 

• 

100.0 


* 

41 . 47 .S 


The spcciftc gravity of the dry gas ;it o'’ and 760 mm. would therefore 
b^ ^ 415 relative to air at the 'iaitie temperature and pre.ssure. The 
usual«i«ifproximate assumption is rmide in this calculation that the 
unsaturated hydrocarbons* present in the gas are equivalent to an 
equal volume of propylene. The relative specific gravity of the dry 
or ^noist gas uncler any other conditions of temperature and pressure 
can now be calculated in the usual manner. In the case of moist gas, 
the percentage saturation with moisture at the tem[)eraturc in question 
must be known, and also the prjcssure of water vapour at this 
temperature.^ This latter can be obtained from* a table of physical 
constants^ Jhc mass^of tjic«vap4)ur required to saturate a given volume 
of a neutral gas at a given temj^praturcf, is calculated from'the vapour 
pressure by the formula — . • 


;// j 7 ’ + ^ 1 

I •I • I 

• • *• • ^ 

where 7> = thc v^apour prci^ure of the vapour irt cms. of mercury at 
absolute temperature T'’ C. • • ** 

^=th^ weight of vapour^ iij grams to sitiyate a volume 7! c.c. of 
• the'neutral ^as. • \ 

w = the rtiolecular weight ofcthe vapour. 

= total prj^sure to which the^gas is subjected (in cms. of mcrciyy). 
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Determination of the Relative Densities of Gases by the 
Method of Effusion. 


In technojogical practice the relative densities of gases are almost 
invariably determined by methods dependent upon the law of diffusion 
of gases. I't follows as a Consequence of the kinetic theory of gases, and 
the fact has been established by numerous experiments, that the density 
of a gas is proportior.al to the square df the time of effusion of a constant 
volume through a small orifice. The theory assumes the flow of the gas 
through 'thd orifice tq^^he isothermal, and^that 
there is nb loss of energy due to friction. If, 
therefore, «and be th? respective times of 
effusion of qqual* volumes of two gases of 
densities and p., respectively through a srnall 
orifice in a thhi plate, 

./>! = V 

The theory of the* method, the necessary pre- 
cautions, etc.,* have been very thoroughly 
studied by Edwards.^ . 

The first apparatus employing this method 
was described by Bunsen.^ ‘Schilling’s* ap- 
paratus'^ 69) is ^ development of Buiisen’s 
apparatus, and has now completely displaced 
the latter. 

The apparatus consists of a large glass 
cylinder A about 40 cm. high, in, which a 
smaller cylinder B is susp^^nded and kept in 
position at the top by the metal frame r, which 
rests with three arms on the rim of ihe cylinder 
and also, carries the vhermometerY. ‘ B iVopen 
at the bottom and -is fixed just free from the 
base of A, whefc ,it is again centred by a 
metal frame with .three arms. The tubes a 
and i fixed on the metal frames are provided 
with stopcocks,^ and servfi for the admission 
and ex:'pulsion of the gas, A three-way stppcock can be turned so as 
to^communicatc either with d or c. The headpiece i is ’fitted with a 
small thin platinum disc placed .Jiorizoiitally with 'a fine opening in 
the middle, which is 074.06 by piercing t^ie foil with a needle and then 

' Technologic Paper No. 94, Bureau of Standards, Washington, 1917. 

2 Gasometrische Methode^, 1857, PP- 121-127, and 3rd edition, 1877/ p. 184. 

<7 ^ Handhui-h fur Gasbeleuchiung^ 3rd edition, p. lOI. 
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removing all roughness from the* orifice. To protect it from dust, etc,, 
a cap is screwed on the head c when the apparatus is not in use. 

For the determination, l;Iie vessel A is filled with so much water that 
there is just sufficient room for the introduction of the cylinder B when 
filled with air and suspended therein. As soon as the water has come 
to rest, the time of effusion of the volume ^f air between the marks 
7/1 and « is determined; these marks go right ’round the cylinder; 
according to Pannertz, bands ofTmc cord roundvlhc marks permit of 
greater accuracy of observation. The stopcock on 1 / is first turned so 
as tp communkate witkythe head ?; Wie level of the water in the lower 
part of the cylinder then begins tb rise as it displaces the air, and the 
time is taken with# a stop-watch as soon %s the meniscus passes the 
mark i/i ; a similar reading 4^akcn when the meniscus of the water 
p^ses It, and the time for effusion gf air is given by the difference. 
The residual *air in the cylind(^ is then displaced by fhe gas. to be 
examined by coitnecting the stopcock a with the supply, and opening 
the gas is allowed to p^p>s* through for about two minutes. The 
displacement of tlie air is*‘^c(?elerated by raising the cylinder almost 
completely out of the wate/ and lowering it again. The outlet of // is 
tlven closed, tj^e cylinder again rais€d,in order to fill it completely with 
gas, the irflet of a closecl aftd the icylinder again placed in position. 
After the*wat«r has com^ to i*csf tho time of effusion of the gas is 
meastffSS under exactly the «ame conditions as with the air, so that the 
times of effusion of equ^ volumes of gas and air, measured between 
7/7 and 77, are j^certained. The respective times for air and the gas 
bekig 4 and 4, pa and p^ being the respective densities of air and gas- 
at the tqpiperature of the experiment, 


It muslj)e* noted that, jn each case, the air and gas arc saturated 
with water wipour, ^nd 1;he respectwe ^Icnsitics p„ and p/ are conse- 
quently the# densities of fhe ;//m/,air and gas. The density of air 
saturated with water v#a^gur at any temperature caji be calculated 
from the corresponding defisity of dry air at the sanfe temperature by 
the expressTon : ^ ^ 

ft 

• 

where p^a and pf„ are the respective densities of moisband dry airat a 
pressure ©f H mm., the bairorpetric* pressure, and p is the saturation 
vapour pressure of \Vater ^vapour in mm. af*T:he temperature of the 
experiment; Values of Pda^Pmmj and p will be found in Kaye and Laby’s 
Tables of physical a/zd Chemical Qo/7stants, q^ih edn,, pp. 27 and 42 respec- 
tively. The absolute den^ty of the moist gas can thus be ascertained. 
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In any actual experiment the respective times should be taken as 
the mean of the times determined by three experiments with the 
respective gases, and as the times enter ipto the expression for the 
ratio of the densities in ^he form of the times must be determined 
with an accuracy of i part in looo if an accuracy of i part in 500 is 
required in the result. This is in accordance with the above equation 
as it follows by differentiation, that : — 

i \ . t, 

and m : 

/>, 4 , 

With a time of efflux of the order pt, r minute, a measurement of 
the time correct to o r second will permit an accuracy of i part in 300 
to be obtained in the value of the specific 
gravity. This accuracy is not generally 
attained with any technical form of efftision 
apparatus for the deteiinination of the 
specific gravity^ of gases. According to 
Edwards {Joe, clt) an accuracy of 2 per 
cent. 5s possible after standardisation of 
the. effusion oriiice, if various precautions 
are taken. Without such standai'drSation, 
with certain conditions of use, errors as 
large as 30 per cent, are possible by the 
use of an effusion type of apparatus. ,, 

A Specific Gravity Bell depending on 
the same principle as thq, above apparatus 
is mafle by Messrs Alex. Wright & Co., 
Westminster (Fig. 70). T,he- beli is sus- 
pended from ct t^alaqcc bean) in a small 
water ta;ik. The crown of the bell is 
drawn- out so. that a standpipe may be 
brought up abovd Ihe water level, although 
tau. 70 th« bell itself is submerged. Attachj^d to 

the crown is a plate in vi^hich a fthe effusion 
hole is (grilled, and this is protected by a cap. Extending from the 
beam is a pointer, ,and the time^ of effusion with any g;is is*ascertained 
‘ by noting the interval between passage of^the pointeriover two m,arks 
upon a vertical plate. Wi^h care the apparatus can be madf^ to yield 
values for the relative splecific gravity of moist gases correct to 0-5 per 
cent. The apparatus is portable and readings can be quickly made. 

A form of Schilling’s apparatus is^ sometimes employed as a gas 
purity meter. The theory of the instrumttit is exactly the same as 
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that already explained, variations ^of the density of the ^as producing^ 
an alteration in the time of the efflux of the gas from the apparatus. 
In the case of an extremelj^ light gas such as hydrogei^ the presence of 
a very small proportion of another gas can detected by this method. 
Other physical methods dependent upon the physical* properties of 
hydrogen, such as its thermal conductivity, are also available for this 
purpose. • 

The Lux Balance ^ sometimes used in . gas works practice, 
and it possesses the advantage that it indicates the specific gravity 
of the gas directly. ^Its action ^Jepends on the simple principle of 
directly weighing equal t^olumes of»^iir and gas, the difference in weight 
being shown as specific gravity by the displacement of a pointer on a 
scale. A table supplied uHtlf the apparatus gives the temperature and 
pressure corrections from to 30', and from 730 mm. to 790 mm. 
tIic apparatus is not an easy cne to work with, and calc is necessary 



if vaiucs of the density are to be obtained correct to the second place 
of decimals. ^ 

,A more accurate and convenient type of balance for the deter- 
mination 9f, the specific gravity of gases has b^en described by the 
United ^tat,es Bureau of Stanejards, 1917.“ The balance is based on 
Archimedes’*‘principle, namely, th^at \^hei'. a body is weigheef in a fluid, 
the apparcnl loss of weight; of the body (compared with its weight in 
vacuo) is equal to the *'\t^eight of the fluid displace*J by tjie body. 
Furthermore, in the case of a gas, the weight of the gas displaced by a 
body of d(Ainite volume is*proportional t(i the density of the gas, which 
is itself proportienal to the pressure Qf%he gas. Iflve balance is shown 
in Fig. 71. .Th^n balance-base is made gas-tight! Jhe ^eam*consists 
of a rod about i-j mm. in diameter, to 5 nc end of whv^h a light gJass •’ 
or metal ^obe is attached. Two tulfes pass into the balance-case ; the 
o»e, fitted w 4 th a tw®-way^c 5 cl<, connects cibitr with a vacuum pump 
or the gas supply, the other to a mercury-filled U-gauge. A change 
of pressure cJf the air in the case, equivalent to a fjpw tenths of a mm. 

GaibefeuJit., 1887, JS,*25I. , * Se^lso Gas 1917, ^37, 115, ^ 
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df mercury, should produce a measupble change in the point of equi- 
librium of the pointer. The equilibrium position is read on a small 
scale or by reference to the cross-wire of a reading telescope. With 
dry air in the case, the pressure is adjusted until the pointer attains the 
position of equilibrium. The case is then eflchausted of air, and the gas, 
whose density is required^ admitted in a dry state. The pressure of 
the gas is adjusted *until the pointer once more attains its position 
of equilibrium. If P is the atmospheric pressure (any variations of 
which during the determination are of course taken into account), 
/rt the excess pressure in the case c'." air,/^ the excess pressure in the 
case of gas in question, then : — 

Density of the gas in question under pressure 

- Density of air under pressure 


^ ^ where /)„ ^ density ‘hf air under atmospheric t)ressure P. 


Density of the gas under pressure P‘ 



if = density of the gas under pre.^sure P •(atnV)sphcric pressure) 

-l"" -HA •w . ' 

Pa ' P+A 

' ,!• 

The method is accurate to about o-2 per cent., and the apparatus is 
light, portable, and durable. It has the added advantage, compared 
with some types of effusion apparatus, that the density of dry gases can 
be readily determined. 

Threlfall ^ has described a method for the comparison of the specific 
gravities of two gases based on the measurement of the difference 
of pressure due to columns of equal lengths of the gases. .The 
difference C)f pressure is ascortained by means of a delicate micro- 
manometer, and the attainable acc!4racy is about i part in* 5000 using 
columns of the gases, 20 ' metres long. TAo method can be made 
recording as suggested by Threlfall. A similar method ha? been 
deviised by Krell - and by the P 4hl Research Boar^." ^ 

A recording “GraVitometer ^ has bean designed hy Messrs Alex. 
Wright Co., Westminster.'^ Tha instrument is basc^ upon the fact 
> thai the pressure exerted upon 'any surface exposed tq a column of gas 
is proportional to the den^ty of the gas. The variation of th,® pressure 
determines the positiory’^T a pointer whiih can .be made to yield a 
permanent record on a chart driven by clockwork. 

* J. Soc. Chim. Ind,^ I 9 ® 7 » 26, SSg.*" p J. Gasbeleucht.^ 1899, ^^2, 212. 

3 T^hnical P.^er No. 5, Fuel Research Board. , •* Gas 1912, 958 ; 1914, 126, 115. 
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Specific Gravity of Solids. 

The simplest direct method for the determinatioa of the specific 
gravity of a solid heavier than water consist^ in weighing the body in 
air and then in water at a definite temperature. The suspending wire, 
if of platinum, should be treated as already explained (see p. 133). 
The apparent loss of weight, when weighed in water, is the weight of a 
volume of water equal fo t 4 ie volamc of the body. 

If then : — 


Wq = Wejyjit of the bcfldywn air at 
and - Weigftt of the body in water at temp. /, 


then sp. gr. of the body ^0 



* . • 

where D is the j:lensity of the water at temperature and a- ‘is the 
density of the air at tn ^he case of a solid lighter than water, 
a sinfiilar method^ can be ^plied, a sinker being attached to the body 
when weighed in water and de*terminations being made of: — 

I. TI^ weiglil of the b(^y in air 
, *2. The weight of^the bod^ and sinker in water --- W,. 

, 3. 'rhe weighs of th(; sinker alone in water — W.,. 

The ::r.r*gr. of the solid is : — , • 





- - "'■L. _ ) . 

\v„-\v, + wj 


wh6ie D and q- have the same significance as previously. Generally, 
the term involving a- is small, and therefore neglected in these 
expressions. 

If th^ densities of a large number of various^iibstances have to be 
determined, fs desirable J,o have one or more sinkers whose weights 
in w*atcr at Ji^iy dcfinfte temperaturc*arc,known. The worl^ can in this 
way be very, considerably tjxpedited* 

In the case of sol id.», soluble in watef- or whicli*are acted upon 
by water, another liquid (tf known density, such as \)enzene,‘'must be 
empldyed„jf this method is used. 

The specific gravity of a ^olid in^ the form of ^ fine powder can be 
determined^ by ^ means of# the specific* gravity bottle. The bottle is 
first weighe’d emjjty. The weight of water filling fhe bottle at s^^me 
measured, temperature is theil ascertained, for this purpose the bottle 
is^ filled witji water ^hile imrrtersed in a bibji* of water at a definite 
temperature, and then we!ghed. The bottld is then emptied, dried, 
about half fiJled with the powSer in question, and the whole weighed. 
The weight of#powder is t^ius astertained. ^The bottle, still contafiiing 
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rile powder, is now filled as regards the remaining space with water 
and again weighed. If then : — , 

•= Weight of bottle. r 

Wj = Weight of bottle and water to mark. 

^Vo = Weight of bottle and powder. 

• W3 = Weight of bottle, powder, and water to mark. 

• 

Sp. gr. of powder , , • 

where D is the density of the water. If water cannot, from the 
nature of the powder, bt employed, any suitable liquid of known 
density caR 'of course be used, the cor- 
responding value of D being employed ;n 
the above formula. Air bubbles must be 
removed fjom the powder when in the 
water or dth^r Jiquid, and this can gener- 
ally be achieved by placing the specific 
•gravity boftle and its contents under the 
recei\5er of an ajr puifip. ? few strokes 
gener^l^ suffice for the removal of any 
entrcyiped air. ‘ ' 

In the ca.se of solids which must not 
be wetted by liquid.s, or which are porous, 
the specific gravity is most generally as- 
certained by means of the volumenomcier. 
This apparatus has taken various forms, 
but all are based on th^ same principle.^ 
Essentially the method consists in deter- 
mining the change in pressi^re accompany- 
in^g a known change in volunle when (i) 
the origmal volume contains air only, and 
(2) when the qi-iginal volume is partly 
occupied by the body in question. Bremer’s 
volumenometer is shown in F^. 72. • The 
wid^-mouthed flask F ifnr^ersed in a water 
bath IS connected by the three-way stop- 
cock l( with the tubes ad aifd containing 
mercury. On ao there are two marks or movable rin^s at p and and 
the volume v included Jby^ween these two marks is accurately known. 
The stopcock R being turned so as to connect both F and ab wiih 
the air, the tube cd is adjusted until the mercury meniscus is at p. 

^ Bremer, Rec. trav, chim.^ 1898, 17, 263 ; 'Zehndec, Ann. Physik^ 1^03, 10, 40. 
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The stopcock R then turned So^as to leave F and ab jn connection* 
but shut off from the air. The tube cd is then lowered until the 
top of the mercury meniscus in ab is at q and the difference of level 
h between the mercury in the two tubes determined, preferably with 
a cathetometer. A similar .operation is carried out when F contains 
a weighed quantity of the substance being. examined, the difference 
in level now being found to be • 

An application of lioyle’s Raw enables the volume of the body 
to be calculated from the observed differences of pressure, the atmos- 
pheric pressurc^and the^known volume of expansion. 

Thus let : — * • 


P Ayiiosphcric prcjj^siire. ^ 

V = The origiiTal vojiimc under pressure P. 

V + ^ Tlie final volume under pressure P - h. 

Volume of the Wody introduced. 

1’ - -=*The final pressure after expansion in second case. 

A*f)plying Boyle’s Law — • * 

pV - (p /!)cv*+v) . . . • (i) 

P(V-,r).-.(J>-/!*)(V-A + j') . . (2) 


l'^xpansioiM)f (i) and {v. 


gives aftjjr a little transformation 
hJd' 


X Pe/ 


The method is of very general application and gives results easily 
correct to i per c^nt. 

An apparatus resembling the Mohr-Westphal balance has been 
apjihcd k) the determination of the specific gravity of solids.- The 
displacement of fnc body along the extended Ix^am of a balance, 
so that tlje body when weighed in vAfater or othei suitable liquid may 
coiinterpoi.st‘ *thf; same tare ^as when weighed in air in the ordinary 
positfon, (?na*^^les the •specific gfavity of. the body to be aieccrtaincd, 
and furthenryDre the beam can be clivided so as to indicate the specific 
gravity of the body direcflr ^dth an accurac/of about i^per cent. 


THi': mp:asuremknt of •temperature 

* * * * * # 

In chemical ^technology, the meiisurcment eff temperature is an 

ooeration of par^jimount importance. •Various meai-j^ arc* to hajid 
for the determination of temperatur# in any. given case, such means 
inijluding, among majiy othftr^, the ordinary. *-mercury-in-glass ther- 
mometer, the platinum resistance thermometer, the thermo-electric 
pyrometer, and the optical pyrometer. , 

Gasnault, J, J^f^siquCy 1916, j, 291. 
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Considering the numerous physical properties which may be, and 
are made the basis of rational soales of temperature, there is no a priori 
reason existing why temperatures indicated by the same number of 
degrees on the various, scales should represent one and the same 
temperature. ‘ Lord Kelvin has shown tlvit it is possible to construct 
an absolute thermodynamic scale of temperature — absolute in the 
sense that its indications are the same whatever the substance which 
may be chosen as the thermomctric body. This absolute scale of 
temperature is most closely realised in practice by the gas thermo- 
meter — preferably containing hydrogen. The departure of the constant- 
pressure hydrogen gas thermometer from tne thermodynamic scale 
is + 0 26'' at — 200° and o-oi'" at 1000'’. The departure is still less 
in the case of the constant-volume hydrogen thermometer. The gas 
thermometer allows, therefore, of the realisation in practical form of 
an absolute scale of temperature, and wherever possible the readings 
of temperature in technologicar practice should be referred to this 
gas scale. The National Physical Laboratory undertakes the calibration 
of all types of thermometers and py'ropieters of sufficiently good 
construction, and the determination of the correction necessary to 
convert their readings to the gar scale. ‘It is desirable that every 
technological laboratory should* possei^s at least one thermometer 
(or pyrometer as the case may bo) which has been so standardised, 
and the various thermometers' employed ma}^ then be themselves 
compared with such standard, the standard itself being sent for re- 
standardisation at intervals. This method is much to be preferred to 
the practice of correcting the readings o^* thermometers and pyrometers 
by the determination of certain prescribed fixed points such as 'the 
melting-point of sulphur under standard conditions. Occalsion may, 
however, arise when the latter course has to be followed, and the 
following table contains a list of substances suitable for this purpose. 
All boiling-points as given are determined under a stanefard atmospheric 
pressure of 760 mm. of mercury. 


Realisation of a Standard Therpiodynamic Scale 
of Tenijperatures. 


Substance. 

Hydrogwi 
Oxygen , . 

Carbon dioxide 
Mercury . 

Ice . 

Phenol 

Water 

Naphthalene . 
Tin, . . , . 


Traasformaiion. 
Boiling . . . 

Boiling 

Sublimation of solid CU2' 
Solidif cation . 

Melting . 

Melting . . •• . 

Boiling . / . 

Boiling 

Freezing . . ^ . 


Temperature rc.) 

. -2527 ± *2 
.0 - 182-9 ± -I 

pt^trol . - 78-5 + -I 

. 38-88 ± -I 

0-0 
427 

1000 

2 1 8-0 
231*8 
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Substance. 

• 

• Transformation. 

Temperature (* 0 . 

Glycerol 

Boiling • . 

* 290-0 

Benzophenone . . . ■ 

Boiling . * . 

. 305-9 

Cadmium 

^Freezing .... 

. . . 320-9 

Lead 

Freezing . . . ^ . 

. 327-0 

Mercury 

l^oiling .... 

-• 35^>7 

Zinc 

Freezing .... 

. 419-4 

Sulphur 

Boiling . . .* . 

. ‘ 444.5 

Antimony. . . • , • 

Freezing . 

630-0 

Aluminium . . . . 

* FreeziiTg .... 

657-0 

Sodium chloride 

Melting .... 

. • Soi-o 

Silver . ... 

Freezinj^ .... 

961-0 

Gold*. . . 

Freezing . * . 

10630 

Copper 

Freezing .... 

0 

oc 

0 

Lithium metasilicate •. 

Freezing . . * . 

I 20 I -0 

Eutectic of nickel ant^graphite 

•Freezing .... 

. . 1330-0 

Diopside 

Melting .... 

. 1390-0 

Lead. . . • . 

Boiling . * . 

. 1525-0 

Palladium. . . 

Freezing . • . 

. 1549-0’ 

Platinum 

Melting .... 

. 1755.0 

Silvet** 

BojliSg .... 

. 1955-0 

• 

•• • • 

.TlIlftlMOMETERS 
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For piitpcfhes of convenie^ice, it 9 s customary to restrict the term 
“ thermometry ” to the mtasurcjn^nl: of temperatures which may be 
measut-ed by rneans of a mercury thermometer, the term “ pyrometry ” 
being reserved for the rndasurement of higher temperatures. With 
ordinary mercur^-in-glass thermometers the limit of temperature that 
can be measured is 300°. With a mercury-in-glass thermometer, the 
upper space of which is filled with nitrogen or carbon dioxide under 
20 *a!mo 5 phcres pressure, and the glass of which is suitably selected, 
measurements 1^3 to 500° are possible. Borosilicate glass 59'"' is 
generally*employed in the construction of such higbrange thermometers. 
There is usually an auxiHaiy bulb at the top, the volume of the bulb 
being about twenty fimes that of tl>e irrternal volume recl^oned from 
o". If the thermometer is* sealed with the enclosed gas at a pressure 
of 60 atmospheres, a maximum temperature of 750° m<iy be measured 
by means of the mercury thermometer. ^ 

It is n(>t* intended to discuss thc*ydri(ius errors to which a meregry 
thermometer is «subject. Foi# these.^ reference ifiu^t be made to the 
works enunjera^ed in the* bibliography (p. 227)? Many of fhe cor- 
rections and errorg are eliminated by having the thermogieter calibrated 
under th« conditions of use — *vith same stem immersion and 
s^me inclination of the theftnbmeter to theVvertical. Errors due to 
the secular .variation of the zero are not elifninated in this manner, 
but are mimmised by calibrafion repeated^ at frequent intervals. In 
, technical practice, there iSi genefally no necessity for the application 
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of the various corrections in question. The correction for stem 
exposure is one, however, that^ should in general be applied. The 
magnitude of this correction is generally calculated by the formula : — 

Correction = x 0.00016 (T-/)° 

where n = Number of degrees in emergent column. 

T Temperature of bath. 

t Temperature of air. 

Taking the case of an emergent column of 200", the bath tempera- 
ture being 300" and the air temperature 15“, the emergent column 
correction is: — ' ^ 

200 X .00016 X 285" - 9.12 . 

Under such conditions, therefore, the cdirrefction for stem exposure is 
seen to be a large one, and it is vvell in technical practice to detcrmjne 
the magnitude of the correction in any given case. ‘ 

In technological work, mercurial thermometers of a robust type 
are often called for. Thermometers^ \vith bulb and stem inclined 
to one another at various angles are oftch required, and frequently 
readings of temperature have to be »aiadc under conditions which 
necessitate the scale being placed ut some 'very considerable distance 
from the bulb. The bulb and tube are*- often protected by a sheath. 
Such sheaths enclosing the bulb should be oV as light cqnstrtiction is 
compatible with considerations of strength. If a perforated metal tube 
or other similar arrangement is used for this- purpose, the thermometer 
will indicate' the temperature fairly accurately. If an unperforated 
sheath has to be used, the readings are always too low, even if the 
sheath is filled up with mercury, copper dust, etc., as should always be 
done. A wooden handle may be fitted to the thennometer for con- 
venience of handling. Some mechanical protection is afforded by 
wrapping asbestos ^'ound the exposed portions of the .thermometer, 
but the .sensitiveness is thereby diminished, ^ , 

In order to ascertain tlfat lhe< temperature to be‘ measured is 
not too high for the use pf a mercury thermometer, a Very practical 
suggestion due'^o VVeinhold^ is to place a piece of lead at the spot 
where the temperature measure is to be made ; the melting-point 
of lead is 327^", and if the- test piece docs not «how an^ softening 
at the «edges, even after som'e ^ time, a mercury thermometer can 
be safely usr.d. , ■ ' , 

••'Hohmann ?nd Maurer have introduced a robust type of mer- 
curial thermometer^ possessing che advantages that the indicating 
instrument can, if necessary, be set up ,at a considerable distance 
from the point at which the temperature is being determined, and 
^ * CA(f/K. 'Zeit., 1903, '27, 54. 

, ^ Supplied by the ^’anibridge and I’aul Scientific Inslrumenf Co. 
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that furthermore the instrunifent can be made recording. The 
principle of this instrument is Illustrated in Fig. 73. A is a steel 
bulb connected by means of a steel capillary B to a special form 
of steel Bourdon spiral C. * The whole system is filled with mercury, 
and changes of temperature of the bulb give rise to •corresponding 
rises of pressure in the system, which changes of pressure are 
magnified and may be either indicated by a. pointer or recorded 
by a simple pen medianisrn. , The record of temperature can be 
obtained on a chart rotating about its centre at any s;i:)ecified rate. 

The thermometer being practically wholly metallic, there is considerable 

• •• • 



stem exposure. The thermometer should be calibrated under con- 
ditions reproducing as ntmrly as possible the conditions of use. The 
instrument?; are capable of recoreJirfg Jemperatures up to 540'' ^ith 
an accuracy oj al)out i* pgr cent. • Two independent records of 
temperature can be obtained on {lie* same chart, such temperatures 
approaching to within 5° of each other, but not overlapping, 5 ipch*, 
an arrangement is particularTy applicable to fases such as the recording 
of tempercjiures of jnlet aad* outlet-feed wV^t;?r, etc. The indicating 
and recording instrument can be enclosed,* and may be fitted with 
an alarm arrangement indicating the attainment of maximum or 
minimum temperatures, ^ 
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Pyrometers 

f 

I.' Platinum Resistance Thermometers. 


For temperatures abcfve those for which the mercury-in-glass 
thermometer may be employed, recourse may be had to thermometric 
devices of very varying ‘types. Some of these are also capable of 
use within the range of the mercurial thermometer, but find their 
most general application at the higher ranges of temperature. The 
most accurate form ot pyrometer is urjdoubtcdly the platinum resistance 
thermometer. The method of determining temperature by ascertaining 
the resistance of a platinum wire wound on a pipe-clay cylinder 
and enclosed in a tube of wrought i!on,was introduced by Siemens 
in 1871 . The device was found unsatirfactory by a Committee of the 
British Association, and the source of trouble was traced to com- 
bination between the platinum and silicon produced by reduction 
of the material of the pipe-clay in the reducing atmosphere produced 
by the highly-heated casing. H. L. Callepdar^ devised a fori^l of 
platinum resistance tlfermometer from whic'Yi all the inconsistencies of 
the Siemens instrument were absent ; ^nd by his work and his joint 
work with E. H. Griffiths ^ has » established a s^f^stemiOf practical 
pyrometry of extreme precision. Temperature indicated by a platinum 
thermometer is generally represented by “//” and is defined by kbo 
relation : — 


Pt = X 100 . . . (i.) 

■^100 ~ -^0 

where is the resistance of the platinum wire at lOo , 

Ri, is the resistance of the platinum wiie at o ', , 

and R is the resistance of the platinum wire at the temperature // on 
the scale of the platinum thermometer, 01^ 


The relation (i.) above defines the scale^of the platiliuin' resistance 
thermometer. As already painted out, there i^ no a piori reason 
why the platinum scale of temper^aturc so defined should^ agree with 
the scale defin<^j by the gas thermometer.* ,Callcndar showed that 
the relation betw'een R/ and the temperat«.re measured by the gas 
thermometer can be represented by a parabolic formula of type: — 

.. ' = + . (ii.) 

From (ii.). ib follows at once ^ that the relation betv een t and pt 
is 5f the form , ** 


l\ioo/ 190^ 


' (iii.) 


1 Phil Trans.^ A., 1887, 178, 160; Phi Mug./ [v.], 32, 104; pjiil Mag.^ 1899 

[v.], 4 % 191. 519. * c 

2 Pjfil TrariSy A., 1892, 182, 43„II9. * 
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S is termed the difference* co-efficient of the satjiple of wire* 
employed, and its numerical value (or pure platinum is 1-5. Its 
value in any given case is obtained by ascertaining tl;e boiling-point 
of sulphur by means of the thermometer in question. It is obvious 
from this relation that, in general, the value attributed to a given 
temperature on the platinum scale is not Jdentical with the value 
attributed to it on the gas scale, which is to be regarded as the 
standard scale of tempferature. , As is shown by (iii.), and indeed 
as must necessarily be the case by definition, the scales agree at 
o'" and 100”, b^ut at all other temperatures differences exist in the 
values attributed to one and the. same temperature measured on 
the two scales. Thus at looo'' for a platinum thermometer having 
( 5 = 1-5 

= I. 



The possible differences between the two scales arc therefore seen 
to bejDy no means inconsidefabie. In technological practice, however, 
the necessity for the corre^io^ of the platinum ^cale to the scale of 
the gas thermometer seldom ^if ever arises, as the indicating or 
recording instrumeiy: used* with tho jMatinum thermometer is almost 
invariably graduated in terms* of the^'latter scale. 

^Essentially,^ the platinam reeisiance thermo- 
meter ^'-^^nsists of a coil offline pla4:inum wire f'f 

wound on a mica frame and attached to terminals 

so that the resistance of the coil can be ascer- If 

tained when the* coil is exposed to any given 
‘temperature, and the measure of such resistance '11^ 
serves as an indication of the temperature to which 1 ^ I 

the coil of wire js exposed. The resistance coil /a | U® 

is inserted jn one arm of a Wheatstone bridge,® Ei] 1 1 | 

the rjtio arqjs of which ye»adjysted to equality, | I 

and the valueof the resistance in tj^e appdsite arm 1 1 1 

of the bridge® required to pi^duce balance of the | J , 

bridge, as indicated by a g^fvanometer, determined. ^® ' ” |J 

The error due to stem exposure, which is. inherent ' || 

in practical^y all othgr forrn,s of pyromete#, can be ^1* 

entirely and accufately eliminaited by use of a* • 0 I 

pair of“ compensating leads*’ inserted in the arm of* , • 3 ; 

the bridge opposite to the arm in which fhe coil of . ^ 

platinum v^ire is inserted, these leads 4 ying every- 
wl\ere alongside the leads frgifi flie platinum c^dh 

A form of platinum thermometer suitable for industrial use is 
illustrated in* Fig. 74. The platinum coil .is showii protected by a 
J-emovable steel sheath and surrSynded by ^ robust porcelain Uibe. 
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Alternatively, the coil may be enclosed in a porcelain or silica sheath 
and the whole surrounded by a steel or fire-clay sheath. The terminals 
are enclosed in a porcelain or aluminium head. The thermometer can 
also be provided with a suspension devic6 attached to the head, the 
device being -useful for insertion of the pyrometer in salt-bath furnaces, 
etc. By means of leads, the pyrometer is connected with the indicating 
or recording instrument. 'Four-way copper leads are generally employed. 
These arc inserted in opposite arms of the bridge as already described, 
and variations in their resistances due to changes of temperature are 
therefore automatically eliminated. In some cases it is convenient 
to run a few feet of armoured leads from t^'ie pyrometer head <o a 



Fig. 75. 


junction box and then to continue therefrom to the indicator or 
recorder by means of flexible, braide-d or head-.':overcd cab’es. ‘ 

Many adaptations of the Wheatstone bridge have been made 
for purposes of determining and indicalii^g temperature by means 
of a phutinum i;-esistance thermometer, bjor scientific investigations 
of extreme accuracy, the methods devised by Callendar ^nd Griffiths, 
Leeds and Northrup, may 'be mentioned'. For ‘ industrial purposes 
the following methods amongs'c others are available. 

The Whipple^ Indicator ^ (Fig*.' 75) is a form of Wheatstone bridge 
in* which a balance of the bridge is obtained by turning the handle, H ; 
the instrument is calibrated to give direct readings of temperature. 
The galvanometer and' the coils constituting the arms of the bridge 
are contained inside the case, and the necessary current is supplied 

’ Supplied by the Cambridge and Paul Scientific Instrument Co, 
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by two small dry cells, E, these ^ells only requiring renewal after long 
intervals. The indicator is connectecj to the resistance thermometer 
by 4-way leads which may be of any desired length, thq stem exposure 
correction being automatically eliminated as already explained. 
When taking a reading, th^ key, P", is pressed, and the ’movement of 
the pointer beneath the window, A, observe;:!. By turning 11 in the 
appropriate direction, the balance of the bridge is restored, the 
resistances included in Two arm^ of the bridge being varied by the 


turning of H. When balance 
of the bridge is obtained, as 
evidenced by the poinrter re- 
gaining its zero position, the 
temperature is read* off dinect^y 
from the scale in the window^ 
Tfie scale of tjic indicator is aii* 
extremely open .one, the total 
Icngjli being about 18 ft. v^itU 
a range from — 10” to 1200^ tl'ys 
average length of i" being a fiftjj 
of an inch. The instrument can 
be used fi standard . pyro- 
meter foP the calibration of* 
works mstrurnents. 

The Callendar Recorder 
76) utilises thej^rinciplc of the 
Wheatstone brTdgc, the bal- 
ancing being achieved automati- 
cally The pen arm is attached 
to the contact ;vhich slides to 
and fro. on the bridge wire. 
The^ movement of the J3e4;i is 
controlled b)^ a clocl!, which is 
itself contremed by two electro- 
magnets. Two insulat«(# wires 



are attached to the galvanometer pointer, and the wi>es make contact 
on one skte or the other of a* iJlatinum-rimmed contact wheel. 
When correct r^igistration is^indicated^ these wfres are out of contact 
with the wheel. When»the bridge is upset •by an alteriftion in 
temperature of the platinum resistance coil, contact is noade betw^jen 
the wheei and one or other* of thc^ wires, one of the electromagnets 
is energise^ and the; clock cc^eased. The V^l^nced condition of the 
bridge is restored by movefiient of the pen arfns along the bridge wire, 
and the two«wires are once m*ore out of contact with the wheel. The 


^ Supplied by the C#mbridg€ and P.iul Scientific Instrument Co. 
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fiecessary current for operation of th^ bridge is provided by a 4-volt 
accumulator. Continuous record;? over various periods of hours or days 
are possible with the recorder, and various ranges of temperature 
between 0'' and 1000" can be very accurately recorded. 

The Leed^ and Northrup Indicators, of various types, utilise either 
the differential galvanometer or the Kelvin double bridge. In a type 
of instrument with adjustable scale, the instrument may be set to any 
desired temperature,, and the variation of temperature from such 
desired temperature is indicated by the motion of a pointer to left or 
right of zero, the amount of departure from the desirc/I temperature 
being directly indicated. The instrument 'Can, if desired, be ‘run 
from an ordinary lighting circuit, and a departure of 2° from the set 
temperature is quickly reaSable by the wt)rkman. 

Other instruments indicating temperature and employing platinum 
resistance thermometers have been intr(yluced by R. W. Paul, employing 
the principle of the two-coil ohmTmcter, and by Messrs Carpentier and 
Joly. Details of these instruments will be found in Mensiireviejit of 
High Temperatures by Burgess and Chatelier, ,The mounting of 

resistance thermometers will be referre(^to later. 

• 

% • 

2 , Thermo-Electric Pyrometers. 

• • • 

The thermo-electric pyrometer had its origin in the discqyery of 
Seebeck in 1830, that the junction of two metals heated to any 
temperature is the scat of an electromotive force, The magnitude of 
the electromotive force depends upon the nature of th^ metals forming 
the junction, and is a function of the difference of temperature between 
the hot junction and other junctions in the circuit. The electlomotive 
force is furthermore largely dependent upon the state of purity of the 
respective metals coRstituting the junction. In general, if a circuit be 
made of two metals A and B, the metal P being emp‘ioyecl for com- 
pleting ther circuit in which is includea a galvanometer ps indicating 
instrument, then if one junction of A and B is maintained at a 
temperature v hile the remaining junction *bf A and B is maintained 
at a different temperature, the galvanomCcer will indicate that an 
E.M. 1 \ is developed in the ^irc'uR, and that the magnitude of such 
B.M-P'. depends upon' the difference of temperature between the hot 
and cold junction.s. It is found that a suitable form of relation between 
the E.M.P'. and the temperature difference is furnished by the 
expression ; — 

Ef a + ht +'eT 

where a, and c are constants, and Et represents the value of the 
E.M.F. developed in the circuit when a difference of temperature equal 
to T ,is established between the hot and cold junctions. The magnitude 
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of the E.M.F. developed in the circuit is in any case small, and remark-* 
able variations are shown in the hna^nitude of the E.M.F. generated 
by couples composed of different pairs of metal when subjected to the 
same^ temperature difference between the hot and cold junctions. 
Thus* a copper-constantan^ couple gives a*n E.M.F. of the order 
of 50 microvolts per degree up to 300“, whereas for a platinum, 
platinum — ro per cent, rhodium couple the E.I^.F. developed is of 
the order of 0-6 microt^olt per degree over the same range. With 
a couple composed of copper and iron, the E.tA.F. developed for a 
similar difference of temperature \w3uld be of the order 0 01 volt. 

The most accurate Aethod by vylfich the magnitude of the E.M.F. 
generated in any case can be determined is undoubtedly by means 
* of the potentiometer. In technical work, hWever, the usual practice 
is to form a closecf circuit of tfie*thcrmocouple, a galvanometer and the 
leads joining the couple to the^galvahomcter. The E.M.F. generated 
in the circuit wh^n a difference of temperature is established between 
the t^o junctions generates 'a gurrent in the circuit, and this current 
produces a deflection of tl^ ^Ivanometcr, the pointer moving over a 
scale which has been empirically graduated to denote the temperature 
to which the hot junction hcated^the cold junction being maintained 
throughout,at*the temperaturc^for whifth the galvanometer was calibrated. 

With regard to the makterial.cc^stituting the thermocouple, a wide 
clTdice is available. Undoubtedly th§ most reliable couples are those 
formed of the noble metal», platinum, iridium, and rhodium, and alloys 
of the same. Contrasted with thermocouples composed, of the base 
metals such as ifickel, copper, iron, the couples composed of the metals 
of the platinum group possess the advantage of far greater reliability 
and ^n •extended range of temperature over which they may be 
employed, ThcJ\)asc-mctaI couples, however, are not without com- 
pensating advantages, such as cheapness, so tkat couples of thick 
wires and *c^nsequent low resistance can be employed, robustness in 
use, and th^ greater* magnitude of Uic •E.M.F. developed for a given 
difference ot temperature T:ompared.with the corresponding E.M.F. in 
the case of the noble grew^s of metals and alloys. « 

The following is the •scheme recommended by^ E. GritUths,^ as 
indicating.guitable materials for coifpres^to be employed up to various 
maximum temjTfiratures : — • • 

Maximum • ^ 

Temperature. • • Thermocouple, 

300“ . .• Iron-const^nlan. 

600“ I . . Iron-nickel, • 

^ 1200" ^ . /^lloy of c#pi^r-nickcl and (4f chromium-nickel. 

*6oo° . . Platinuifl and alloy of platinunf with 10 per cent, rhodium. 

The maximfim temperature, 1^00° indicate^ above, js probably outside 

^ Methods of Measuring Temperaiure^l^l%n^-^, ^ 
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<the limit of use in an industrial installation, and it is recommended 
that the platinum— platinum-rhodiuhi couple be not used above 1400®, 
care being taken that the couple when employed at temperatures 
above 1000'’ is shielded from metallic vapours, reducing gases, and 
carbonaceous' matter. 

The couple should be protected by either quartz or porcelain, 
and for permanent, installations the pyrometer should be further 
protected by insertion in a sheath pf steel (5r fire-clay. Base-metal 
couples are, sometimes exposed without protection, under various 
conditions, to high temperatures. They should then receive frequent 
calibration. Instead of such a protecting sheath of steel or fire-clay, 
which is suitable for large furnaces, other protecting devices can be 
readily made, adapted for hse with crucibles^ tubes, and other laboratory 
forms of apparatus. One of the great advantages of the instrument 
is that it can be used equally well lor thamcasurement of the temperature 
of either large or small masses of material, as the junction of the con- 
stituent metals or alloys alone requires .to be exposed to the temperature 
to be measured. ' j 

The “cold” junction should, wherever possible, be maintained at 
the temperature for which the in<licator was calibrated. This may 
be achieved by immersing the junction i^ ice, or having k water-cooled 
junction. Where this is impossible it may be desirable to bury the 
cold junction in the earth under the roof of a building and as near 
the centre of the floor as po.ssible, as recommended by Whipple.^ 
The junction is immersed to a depth of 10 ft. or more if possible. 
Under such conditions, in an industrial installation, the variation 
of the temperature of the cold junction has been found to be no 
more than i’5'' for a period of six months. In the case of an installation 
where such a procedure is impossible, compensating leads,- of copper 
or cupro-nickel res[)?ctively, may ''be employed in the case 0/ couples 
composed of metals or alloys of the platinum group, whereby the 
cold junction is transferred to apposition of knoVn temj^era'turc such 
as the indicator or recorder. Faih'ng any of these devices, the adjust- 
ment of the zt^ro of the' indicator is ma(hi, to the temperature of 
the cbici junctidh as indicated by a theitnometer, prior to taking 
a reading. For this purpose the' couple is disconnected, the* adjustment 
made, then the ci;'ci?it completed once more and )the temperature 
observed. Attempts* have been piade to oJiminatc automatically the 
» cqy junction correction. Thus, in Bristol’s compensator, a small bulb 
containing mercury, and with a narrow neck, is inserted in the thermo- 
electric circuit close ty. ,t,'hc cold junction. A short loop of platinum 
wire forming part of the circuit dips iii the mercury.. A rise of 

^ Pyrometers and Pyrothetry\ F.iraday Soc. Publication, 1917, p. 51. 

2 B^P,^ 1909, No. 37C\; Proc. Inst. 'l\fech. EngSf 1913, p. 729. 
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temperature of the bulb is accompanied by an expansion of the* 
mercury in the bulb, thus cutting oul a little of the platinum wire from 
the circuit, an effect which can be made to counterbalance the effect 
of the diminished E.M.F. due to increase of temperature of the “ cold ” 
junction. Multiple scale instruments provided with various scales to be 
employed for different cold junction temperatures, all being engraved 
on one card, are also available. . 

Care should be talJen. in connecting the thermocouple to the 
indicating or recording instrument. In addition to the Seebeck effect 
responsible for Jhe E.M.F. when oiKi junction is at a higher temperature 
than •another in the circfwt, another, fhermo-clectric effect may enter 
into consideration unless care is exercised. A homogeneous wire heated 
* in different parts to differtnt* teinperatures* may itself be the scat 
of E.M.F. The existence of flift phenomenon necessitates the leads 
bciilg set up in pairs lying cgntigubusly to one another, so that 
any possible effect of this nature in One lead is counterbalanced by 
a siimlar E.M.F. in the op[.iC)site direction in the other lead. 
The leads should J^e prote^eb by metal sheathmg, or, if necessary, 
water jacketed. When exposecj to high temperature, the wire from 
the hot junction should b(;* protectf^l by means of asbestos or pipe 
steins, Witji Asbestos a temperature' up to 1300" can be measured; 
above this temperature, asbestos ^n^lfs. Hard porcelain can be em- 
ployed up to 1500', and so-called “ Mar^uardt mixture” up to 1600°. 

With regard to indicatijig or recording instruments, it has already 
been pointed ouj that the E.M.F., even in the case of a base-metal 
couple, is very smAll. The potentiometer is practically never employed 
•in technical practice for several reasons, the chief being that the method 
is a ‘iTf!!! f)ne, and hence does not permit of temperatures being read 
at sight; “ Dcfle^lion ” potentiometers are, however, available. In 
customary, technological practice, a *galvanomcte«, generally of the 
movin" coir^p'b, is invariably used. The resistance of the galvano- 
meter should ^bc high* compared witE thnt of the couple with which 
it is employej. It is possfble to us^^ thick wires of base metals of 
consequently low rcsistanoef so that a galvandVneter of l®wer resistance 
than with couples of the noWe metals ma^be employed? The galvano- 
meter base .’fietal may be of a more^ iA:)byst kind, consequent on the 
increased E.M.F. gcn*erated witJi the couples. The*zc/o of the indicator 
“should be adjustable by means of a sc^ew or other device. The basing 
should render the^ indications of the instrument unaffected' by an^ 
external n^gnetic field, and Should Jdc dust-proof. The coil of the 
galvanometer should pjjeferably l 3 c wound with*|^>^e of low temperature 
co-efficient, such as manganii?. • 

Recording«instruments for u^e with thermocouples must of necessity 
be of delicate construction. .The magnitude of the E.M.F. being snfhll. 



160 PHYSICAL MEASUREMENTS IN TJ^CHNICAL ANALYSIS 


# friction of the parts of the recording device may interfere very 
considerably with the record. R)r this reason, in most recording 
devices for use with thermocouples, the record is of an intermittent 
character. The recording pen is in general raised out of contact with 
the paper for the greater part of the time during which a record 
is required, and only makes contact for a short space of time when 
depressed by suitable mechanism, being free in the meantime to 
take up a new position determined by.th'e temperature to which 
the hot junction of the thermocouple is exposed. The record is 
then obtained in the form of a scries of dots which are so near together 
as to form practically a continuous line. 

The Thread Recorder mentioned on page 133, and supplied by the 
Cambridge and Paul Scientific Instrumeuit Co.,^ is employed in this 
manner, the pointer of a moving coil ^aiVanometer depressing an inked 
thread upon a moving chart at intervals determined by clockwork. An 
indicating or recording device 'may, by the use of a suitable switch, 
be employed with any number of thermocouples. Such switches 
must be free from bad contacts. With base-metal couples, a low 
resistance indicator being generally employed, errors due to such 
contacts may be extremely large. 

The thermocouple, suitably chosen and mstallcd, mfPy be employed^ 
over the range from 300*" to i’6po'' with an accuracy of about 5° 
throughout the range. The following table indicates instruments 
which should be used over the ranges of temperature specified, and 
the accuracy attainable with an industrial installation : — 

Ilaiigo. Instrument. AtSwblo. 

o to 900'^ . . Platinum resistance thermometer . . '9 Kv 

o „ 600" . . Iron-constantan or coppcr-constantan couple . 5". 

o ,, i6oo” . . Platinum— platinum-rhodium couple . . • S“. 

The indications of thermo-electric and ^other types of pyrometers 
should b6 verified from tiinb to time by submission tc the National 
Physical Laboratory, or by comparison with an instrument of similar 
type^^^jvhose calibration has recently been carried out at that 
laboratory. 

, With regard to the installation of pyrometric appliances" care should 
be taken that, wherever possjble, the pyrometer of whatever kind, is 
inserted sq as tp lie along an i.‘:othermal,’V.^., so that nq difference of ^ 
^•temperature e'^ists between different parts of the pyrometer. Where 
this is not possible — and it must be recognised that in most cases 
it is not possible — the pyrometer should 'be installed with <^he minimum 
departure from the requirement. Variations of temperature along the 
pyrometer are accompanied by conduction of heat along ihe pyrometer 
sul^stance, ^and on this, account the indication of the instrument; 
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employed will not be that corresponding to the temperature at the, 
place where the thermo-junction op other device is situate, but will 
be conditioned partly by such heat co^iduction. The error from this 
cause may in certain circumstances be of large amount. 

3. Radiation Pyrometers. 

For practical purposes, three methods of application of the laws 
of radiation are available* for the purpose of determining tem- 
peratures : — 

By meaSuremenfr#of the total* intensity of the radiation, and 
the application of the Sfcfan-Boltzmann law, connecting 
the radiatio*! from^a^ black body v«th its temperature and 
that of it% surroundings in the form S = cr — where 0 
is the temperature of the bod>s Oq that of the surroundings. 

2. By measurement of the iTitensity of the radiation of a definite 

wave length and the application of Wien’s law, connecting 
• relations between ^th€ 'spectrum constituents of radiation 
with the t(?mperatuf^ of the radiating bod^'. 

3. By measurement ot th^ relative intensity of the radiation 

• of defyiite v'^ve lengths and tj^ie application of Wien’s law. 

The following are some* applications of these methods which are 
avaTtcible for technological purposes : — , 

^ • 

^(i) Totai Radiation Pyrometers. 

Fery’s pyrome*ter, supplied by the Cambridge and Paul Scientific 
‘Instrument Co., is ^hown diagrammatically in Fig. 77. Essentially, 
^his consists of a c^elicate thermocouple, S, upon which the radiation is 


To*ppr ta ble 
moving coi I 
indicAtO r , 



focussed by rfleans of fhe mirror, M. The tongue, T, shields the cold 
junction of the couple, which is fiurther protected by a box surrounding 
the couple and the inclined mirrors, X. The^ observer’s eye is plaoed 

* . * • • • L • 
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• at E, and the wide end of the instri^ment directed towards the source 
of radiation, such as the interior of a retort setting. The instrument 
is first focussed so that the radiation falls accurately on the hot junction. 
This is achieved by racking the mirror^ M backwards or forwards 
until the image of a sfraight line seen through E is exactly in the 
plane of the inclined mirrors previously mentioned. When this is 
the case, there is no relative displacement of the two images of the 
line as seen in the^ two halves of the eye-piece. This adjustment is 
one that c^n be readily achieved. The couple is connected with a 
galvanometer, and the readings, of this instrument indicate the 
temperature of the radiation lo^ which t\v- instrument is directed. 
The instrument can also be connected with a recording device. In 
order to reduce absorption of heat by,th^ material of the mirror, this 
is frequently made of glass, coated uii its front surface with gold or 
nickel. 

A modified form of this instr^ument, also supplied by the Cambridge 
and Paul Scientific Instrument Co., employs a spiral spring in place of 
a thermocouple. The spring is bi-mctailic, and is rolled very th’in and 
coiled into a very small spiral (about J in. in diameter and /v deep). 
The centre of the spiral is fixed, and the free end carries a light 
aluminium pointer which, with alterations i^i temperature of the spring, 
moves over a graduated dial. TJie dial is empirically graduated, so 
that the indications of the pointer denote the temperature of the 
body on which the instrument is sighted 

With the thermocouple type of Fcry instrument, the object sighted 
on must be at least i ft. in diameter for every 2 ft. distance between 
the telescope and object, while with the spiral type, the object "must 
be at least i in. in diameter for every 18 in. of such distance. ‘-These 
conditions being satisfied, the indications are indep'endent of distance. 
The range of temperature that han be measured with a series of these 
instruments is from 500" to 1700°. The scale of such instruments is 
sometimes extended by the use of a diaphragm and sccopd ^cale.' 

The ncce.ssity for accurate focussing is obviated in th\; Foster fixed- 
focus type oC pyrometeV supplied by Foster Instrument Co., 
Le?3hworth, this result being achieved by locating the front diaphragm 
of the instrument and the jeefeh/ing di.se of the couple at conjugate 
foci of the mirror ‘A^hich refk^cts the radiation 8n fo the disc of the 
thermocouple. This instrumeht requires a rather larger area for- 
.fighting* purposes than instruments of the variablh fo*cus type. It 
can be obtained in either the jndicathig or the recording form. A 
similar instrument been introckict^d by Thwing,^ efnploying a 
reflecting cone in pl3ce of a concave* mirror. In a modification 
due to Whipple, a salamander or fife-clay tube is introduced into 

^ /'^ ys . Rev ., 1908, 26^ 1 90. 
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the heated enclosure, and the mdiation from the hot:end of the • 
tube received on a delicate thermocouple. 

The precautions necessary to be taken in the use^of the instru- 
ments described have been well summarised by E. Griffiths.^ 

(2) Optical Pyrometers. 

The theoretical basis, of the total radiation pyrometers described 
above has been more firmly established than tnat of the optical 
pyrometers dependent upon the ^leasurernents of the intensity of 
the mdiation of a definit#?^ wave length. The latter, however, possess 
certain advantages, not the least of which consists in the fact that 
•they may be used for^ascert^yning the temperature of bodies of smaller 
dimensions than is 'possible with pyrometers of the former class. 

There are two types of this ejass of instrument. In the one type. 



the tempefaturc of the body upon which the inatrument is sighted 
is ascertain'e^ Sy adjusting, the current through an incandescent 
filament until, such fiTament “disappear:?” against the background 
furnished by the radiation from the body upon which the instrument 
IS sighted. The monochr^afnatic illumination* i.e., radiation of definite 
wave length in such an instrument, is secured by the’ use of a'tilter 
of red glass* in the^ eye-piece of the* .sT^hting telescope. Such an 
instrument was i»troduced by, Morse, and modified. by Holborn and 
Kurlbaum.2 The^instrumeiA is illu.str^*te 3 in Fig. jn' The instrmnent 
IS calibrated by sighting upon an electric furnace, the te*mtieratiir e 
of which is. simultaneously md?isurcd Jay a thermocouple. Ordinarily, 
the^ instrument can b<j used njf to a temperature of 1400°, and by 
the use of an , absorption scr?en consisting of tfvo black glass mirrors, 
inclined at 45^, the range is expended to 2;oo‘'. Various other types 

. ‘ U 4 thods 0/ Measuring Ttmperaiurt, 1918, f.^93. ^2 A„„, Physik, ijipj, 10, 235? 
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f of absorbing screens are similarly employed. The use of a spectroscopic 
eye-piece, as introduced by Mendenhall,^ increases the accuracy of 
the instrument. 

In other types of optical pyrometer, the radiation from the 
heated body and the radiation from an incandescent filament are 
compared, the application of Wien’s law being justified by the 
simultaneous isolation of radiation comprised within a narrow range 
of wave lengths frpm each beam. The best known instrument of this 
class is the Wanner pyrometer, manufactured by the Cambridge and 
Paul Scientific Instrument Co. Br'cfly, the principle of the instrument 
is as follows Light from the object whose temperature is fo be 



measured, and light from an electric lamp supplied with constant 
current, pass respectively through the two halves Oi rhfe telescopic 
arrangement shown in Fig. 79. These beams pass through the system 
of lenses and prisms shown. The two beams arc polarised in different 
planes on passing through the Rochon prism and are rendered mono- 
chr^atic. Filially the two beams pass through a single eye-piece, 
and the field of view is divided into two semi-circular halves separately 
illuminated by the two beams. In general, the rntensity of illumina- 
tion the two haives of the *field is dffferent, but adjustment to 

equality is effected by rotating the eye-piece, containing a Nicol 

prism, to which a pointer is attached, the reading of the pointer 
indicating directly the temperature of the body on which the pyrometer 
is sighted. The current supplied to the ^electric lamp is maintained 
at a constant pre-determined value b/ means of a rheostat, the value 

‘ 1911, 33,74. 
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being read on an ammeter. A% ^occasion arises, the electric lamp* 
is standardised against an amyl-ace‘tatQ lamp, the value of the current 
necessary for adjustment to.equality of illumination of the two halves 
of the field of vision in this case being that 9mployed in subsequent 
use in the instrument. Thetrangc of employment of th6 instrument 
is ordinarily from just below 700* to 1400°. 5y the use of absorption 
screens, the scale may be adjusted to the following ranges --noo”- 
2000", i200°-25oo'', and I4oc5°-4ooo^ 

Amongst other optical pyrometers may be mentioned* the Shore 
pyroscope, the J'ery abs^^rption pyitju^eter, and the ikirgess pyrometer 

fordetcrminingmelting-pdint.s of microscopic samples. Allied to instru- 
.ments of this class ar^optical pyroipcters, such.as the Wedge pyrometer 
the Stereo pyrometer, and *11)0 ^jyromike, readings taken with which 
arc .affected to some extent by the acuity of vision of the observer 
but which, used with caution, .ire capable of affording -much useful 
information in tcclmical practice. 


Se(h:r Cones 

The mcthoij of employifig a .series ^f mixtures of vitreous materials 
to establish ’a scale of temgerSture was originally conceived by Lauth 
anckVogt about 1880. The inclImTl w.as much developed by Setrer 
and further extender! by Cramer and Hecht.' The temperature scale 
m the original form devisevJ by Seger has been modified and extended 
by later practice, ^nd the following table is the present-day designation 
.of the various cones and their respective squatting temperatures";— 


Squatting Temperatures of Seger Cones. 



Couo 

1 


No. 

1 • 

“F. 

29 

1650 

3002 

30, 

1 1670 

3038 

31- 

1 1690 

37V4* 

32 

1 1710 

3110 1 

33 

1 1730 

3146 

34 

1750 

3182 

•35 

1770 

3218 

36 

1790 

3D««4 

Zi 

IS'jfi 

3317 

38 , 

1850 

‘ 3362 

39 • 

1880 

3416 

40 

1920 

3488 

41 

1960 

3560 

42 

2000 

3632 


1 Tonmdustru^Z^iU, I896, No^i8. 
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In use, a selection of the cones,® suitably chosen according to the 
temperature to be measured, j‘s placed in sequence on a tile so as 
to be visible from outside the kiln or furnace. The order of fusion is 
observed, and the temperature taken as that indicated by the cones 
whose summit bends so as just to to^ich the tile. The cones are 
composed, of mixtures, in various proportions of pure quartz sand, 
felspar, kaolin, calcium and magnesium carbonates, boric acid, with 
a small proportion of iron oxide in some of the cones. The cones 
.should be calibrated under conditions of rate of heating approximating 
to that to which they will be subjected in practice. With very slow 
heating the cones may soften at temperatu/fes from 40'’ to 70" below 
those indicated in the above table. The .squatting temperatures are 
largely affected by the atmosphere in \/hich the cones are heated.^ 
Thus differences of as much as no" were obtained in the squatting 
temperature of cones 9 and 10, when heated in the electric furnace 
and a ceramic kiln re.spectiveiy, the heating bei’^g prolonged over 
a period of sixty hours. The cones can be used with confidence to 
give relative temperatures correct to the higher range, but too 

great reliance must not be placed upon the absolute temperature 
indicated by the cones in any giwn case. , 

Analogous methods of temperature measurement are furnished by 
Watkins recorders, Holdcroft’s thermoscopcs, and Wcngeis’ caloritcs.- 
Wiborgh’s thermophones con.‘-'ist of an explosive surrounded by a 
fireproof sub.stance and made up in cartridge form. The time is noted 
between the time of introduction of the thermophone and the 
explosion of the cartridge. The times arc measured to one-fifth 
second, and results concordant to 20" arc obtainable at 1000''. 

Amongst other pyrometers of various types may be mentioned 
the hot-blast pyrometer, employing the principle of dilution of the 
hot blast with cold air, Wiborgh’s air pyrometer, and the Siemens 
calorimetric pyrometer. These and var’ous other types of industrial 
pyrometers are described id T!tc Measurement of High Temperatures^ 
by Burgess and Le Chatelier. Various other types, particularly appli- 
cate, to technological practice, will be f( 9 und in the Report of the 
Faraday Socie?y of the di.scussion held i'A 1917 on “ Pyrometers and 
Pyrometry.” . ’ " 

' Burgess and Le Chatelier, TJu MUism fmenl of I jigh Temperatures, 1912, p. 376. 

- See Potto y Malrijuly W.itkins, in Pyrometei s ami I\rometry, publl; 'icd l y h'ar.iday Society, 

-’917. 
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• • 

TJIK MEASUREMENT OF PRESSURE. AND OF DRAUGHT 

Manometers . 


The determination of the pressure in a current of gas is often 
necessary in technical work, especially those relatively smaH differences 
of pressure which occiy-^ in chimilbys, gas generators, sulphuric acid 
chambers, and the like :*indeed many chemical processes can only 
be rationally conducted with the^ aid of systematic measurements of 
this nature, Obsiervations'of the differences of pressure registered 
by^ the instruments are sometimes sufficient, whilst in other cases 
the velocity o^ the current of ^as and the quantity of gas flowing 
in the system are«dcduccd from the ob'servations by calculation. 

IiVitruments which simply*, measure the statical difference of 
pressure between ihe adjadienU spaces, usually l^twcen the inside of 
an apparatus and the external atmosphere, are called pressure gauges 
or ^nanometers. Paessure*anemom^ers are those which measure the 
difference between the stcttic«^ind dyjiamic pressures at a point in a 
sti^am of *fluiy. The pressure ifs ?cad and recorded in a variety of 
units. Thus it may be e^^pressed dn pounds per square inch, in 
tenths of an inch of watdr column, in millimetres of mercury, etc. 
The conversion •^from one mode of expression to another is often 
necessary, and is readily carried out by an application of the 
hydmstatic result that the increase of pressure due to a depth, 
II of liquid of density p is .^'pH absolute units, or is proportional 
to yoH. Thus, 43y way of exampje, a pressure of 760 mm. of 
mercury • • 


760 X #3.6 mni. water 


feet of water 


7T)0 X 1^.6 1 

10 X X 12 

33.9 feet of water 

33.9 X 12 X 62.3 ,, y. 

11).S. per sq.^n. 

17*23, • ^ 

14.68 11)!;. pef S(|. in. 


Of the manjj forms of pressure; gauges the'sir^plest consTsts of 
a glass U-tube provided with a scale (Fig. 8o). Whf n tte pressusfe.. 
at any pant in a current of ’gas is io be ascertained, one limb of the 
tube A is put in coipmunicatibn with that'^cynt by means of the 
tube D, and the other limb It is^open to the atmosphere. The pressure 
at the point* in question is then greater or,less th^p the atmospheric 
pressure by an amount proportional to the.difference in. level oijthc 
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liquid in the two limbs. The question as to whether there is an 
excess or deficit with regard t;o the atmospheric pressure is settled by 

noting whether the level of the liquid 
in the limb open to the atmosphere is 
respectiv-’ily above or below the level 
in the other limb. 

In addition to the simple form of 
[J-tabe, the hydrostatic gauge has 
been modified so as to appear as a 
sin|>le tube, thr remaining tube taking 
the form of'a wide cylindrical vessel. 
A float swims on the surface of the , 
liquid in the narrov- tube, and is con- 
nected with a horizontal indicator by 
means of a fine string passing over 
a small pulley. » 

King’s gauge (Fig. 8i) is cssentiAlly a (J-tube modified, so that 
one limb surrounds the other. A flcat*‘on the liquid in one limb 
is connected with a string passing o-^^er a pulley wheel, balance of 
the pulley wheel being maintai?*ed by tlie use of a small weight 
attached to a string wrapped ' 
round the wheel in the opposite 
direction. The pulley wheel is' 
mounted on friction wheels, and 
its rotation by change of level 
of the water is indicated by 
the motion of a pointer con- 
nected to it. The scale is 
divided, so that readings of 
pressure correct to in. can 
readily be made. Such gauges 
are especfally serviceable for the ' 
measurement of pressures up to ' 
abo^,!!: one foot hf water column. 

The principle of the aneroid 
has been applied by the Cam- 
bridge and Paul Scientific Iiv , 
strument (^o. in„. a convenient •/ 

•-'-p'ortable pressure gauge for the 

measurement of gaseous pressures up to about lo in. of wa.er column 
(Fig. 82). The zero ad mstment is effected by rotating th^ dial of the 
instrument, the instrument being meanwhile held in the position in 
which it is subsequently employed. Such instruments require calibra- 
tion from time to time, owing to variation in the elastic properties of, 
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the material of the aneroid. Instruments of similar type are availabJs 
for the measurement of pressures df the order of lOO. in. of water. 

For the indication of ^higher pressures, frequent^ met with in 
technological practice, instruments of the Bourdon ^auge type are 
generally used. In these .a deformation oY a 
sealed steel tube, one end of which is fixed, is 
produced when the interior of the tube is ex-, 
posed to pressure, and the motion of the free 
end of the sealed tube moves a pointer or other 
device serving, to indicate the pressure to which 
the* tube is subjecteef* Such gau*ges can be 
obtained to indicate a pressure of 12,000 lbs. 
per sq. in., and pi^ssure gaftges of special d(?sign, 
such as crusher gauges, arS Available for the 
measurement ^of still higher pri^ssurek Various 
devices— mechanical and optical^ — hsfve been in- 
troduced «for the measure- 
mcnlmanil recording of the^ 
pressure^ developed by the 
expl&sion of gaseous mix- 
tures.^ • ^ Fio. 82. 

^auge.% <jf the types 

already described can readily be made recording, 
the >idicator or pointer merely being supplied 
with a receptacle for ink, and its indications re- 
corded on a suitable chart driven by clockwork at 
an appropriate rate. Such devices can also be 
obtained with arrangements whereby a bell is 
rung when any predetermined pressure is ex- 
ceeded or whc*n the pressure falls below a pre- 
det^riiiinc^d figure. 

In technological practice, it is often necessary 
to measure minute differences of pressure. The 
measurement of the ^draught ii* a flue ne^ssi- 
tatef the measurcjTicnt of a deffeit of pressure of 
the order of gim. of water. The accur.ate 
measurement of ^uch minifte pressure differences 
nec(Asitates thg use of spectal appliances ‘."Various 
micro- manometers, as they §re called, 
available.* One form of m^cro-mf^ometer, designed by Seger, for 
the measurement of clraughj:miTd of pressure .^lown in Fig. 83. This 
consists of a calibrated glass (^"t'abe, A, both ends of which end in large 

* f/. Watson, P/vc. Inst. Automobile Engineers^ 1900, pj*3gi : Whe*ler, /. Chem. Soc.. iqii, 
il'i. 8cc. _ - * ^ » 
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glass tubes, B and C, of equal diameter/ The tube, B, A, C, is fastened to 
a board which also supports a sliding scale, D, fixed parallel to one limb 
of A, and adjustable by means of slits a a and^screw pins b A The (J-lube 
is filled with two non-miscible liquids, having the same specifir gravity, 
(n such a manher that their point of contact is near the zero of the scale. 
Water and aniline, or light petroleum spirit and dilute alcohol, are 
suitable pairs of liq^jids for use in the apparatus. B and C being 

exposed to atmospheric pressure, the poi-nt of contact of the two 

liquids is adjusted to the zero of the scale. When B and C are 
exposed to pressures differing slightly, a sm?^ll difference of level of 
the liquid in the upper wide portions of th-e two limbs occurs, and 
the difference is multiplied in the movement of the surface of contact 
of the liquids in A in the ratio of the sectional arer.s of B and C to 
that of the narrow tube A. When the specific gravities of the two 

liquids are not exactly the same, the necessary formula for the 

conversion of the motion of the surface of contact -to the equivalent 
difference of pressure in B and C is.' slightly more complicated, but 
in any case, the scale can be graduated ^o indicate such difference 
of pressure directly. <, 

A modification of the Segc 7 ' instrument is, found in Kdr^ig’s 
differential manometer in which the two limbs arc concentric, being 
arranged one within the other. A s-’milar' portable gauge has b^cn 
introduced by the Royal Air Establi.shinent^ A mineral oil and 
coloured alcohol are the liquids employed: .The same principle has 
been applied in the construction of a micro-manonjeter, composed 
of two vessels of large cross section containing liquids and connected 
by a narrow horizontal tube containing the same liquid, the movement 
of a globule of benzene or other suitable liquid, or a bubble of air, serving 
to measure the difference of level of the liquid in the two large ve.ssels, 
such movement being amplified in the ratio of the crojs section of 
the large vessels to the cross section, of thq, narrow conrysejing .tube. 
The zero positions of the surfaces pf .separation in sucli^instruments 
are liable to change after prc.ssure has bqjpn applied, an«i thi.s defect 
is accentuated by globules of oil, etc., adhering*to the tube. 

For the measurement of differences or’prc.ssure of the order of 
O'Qpoi in. of water, recourse may be had to t^e Cha^tock Tifting Micro- 
manometer ^ (Fig. ,84). In this gauge, a U'tube, oC special design 
as shown, is mounted so that any displacement of , water along the 
c-^e can oe annulled by tilting the tube through a small angle whose 
value can readily be calculated. Errors due to capillarity and' vi.scosity 
are thus avoided. As^sRPwn, the left limb of th^ U't*Jbe is continued 

* Engineering, 1917, 107, 395- 

2 Phil. Mag., 1901 [vi*.], I, 83 \fEngineenng 12th Sept. 1913 ; Proc. Inst. Civ. Eng., 22nd 
Dec. 1903. ^ ^ •> », 
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upwards, and is concentric with the central vessel to which the right 
limb is connected. This central* vessel is filled with oil and water 
by means of a tap communicating with an oil res^voir above. A 
surface of separation between oil and water is produced near the top 
of that part of the left lir]jb contained in the centra? vessel. Such 
surface of separation is illu- 
minated by light reflected 
from a small mirror, and oan 
be observed by means of a 
microscope, or may b^ pro- 
jected on a screen of ground 
glass. In the one case a cross 
wire in the eyc^-picce m^iy 
serve as the constant datum* * 
point to which the surface of < 
separation betw4ien oil and 
watc^r is adjusted ; in the • 
other the surface of sepaift- , 
tion is ^throughout adjusted 4 
to a line ruled on ^le scrci&n. 

Any motipn*of the surface^ 
of separation ,away from the 
fixed datum point is restorec^ 
by a rotation of the large 
wheel, the circiynference of which is divided into a number of equal parts, 
and which is carried by a screw, and from the amount of such necessary 
rotation the difference of pressure is readily obtained. The tap in 
the Fio^zontal limb is employed to prevent rupture of the surface of 
separation by Ramping the motion of the liquid until approximate 
adjustment^ of the tilt has been acfiievcd. • 

som^wRat similar. inicrQ-manometer, due to Topler,^ utilises a 
small coluij^n of xyfene as the Ijqwd, and the position of The column 
of liquid i» always restored to it^ zero position in the tube by the 
tilting of the tube cotifaining it, when a difference of press^CL^s^ 
established between the ^wo ends of Jhe column. ^Fhe zero position 
is determined by exposure of the t^vo (jnds of the column of liquijd to 
the same pressure. In this form, the fpstrumen! i^ robust and portable, 
and the inc^icayons reliable. • • ^ 

Griggs has described a form of micro-manometer q^pabfeof meas^ 
ing a pressure of inch of wa^r, and of very wide application in 
Jechnical ^ork.-^ The instrfirnent censists o*(^.a. narrow tube, which can 

be set at various inclinations to the horizontal and connected with a 

• • 

^ Text-hook of Practical Physics^ W. V\fcitson, 191 Jf p. I43. 

2 y. Gas Light ingy igiaf 122, 670. 
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reservoir of large cross section. The* position of the meniscus in the 
narrow tube is read by a vernier.' A micro-manometer, capable of 
measuring pressures up to two inches of water, has been designed by 
R. Threlfall.^ The difference of the level of the liquid contained in 
two vessels ofdarge cross' section, connected by a tube of narrow bore, 
is ascertained from the reading of a micrometer screw adjusted to touch 
the surface of the liqjuid in one of the vessels. Readings can readily 
be made to 0*005 mi^n. of water. Fry - has ^described an exceedingly 
delicate type, of micro-manometer in which two gas-tight chambers are 
separated by a gas-tight diaphragm. When ^ minute difference of 
pressure is established between tl\e respective chambers, the conse- 
quent motion of the centre of the diaphragm at right angles to the 
plane of the diaphragm !s determined b/ the rotation of a mirror 
attached to a bifilar suspension, one thread of which is attached to the 
centre of the diaphragm, and the otheri to a rigid support provided by 
the metal wall of the chamber. The instrument ir. calibrated em- 
pirically by the application of a series * of known micro-differenqes of 
pressure, these being, furnished by t\vc\ cj(lumns of, air subjected to 
different temperatures. The instrumenj- had been adapted to furnish 
indications of rather larger micr% -pressure.*: by the provision of a 
rubber-separating diaphragm, the motion of the centre o.f which is 
communicated to a pointer moving ove,r a graduated arc. The Ogilyie 
instrument of this type gives a (Reflection of 300' of arc for a velocity 


Tyi>o of Micro. 
ntanoniPter. 



Minimum Pressure 

Principle employed. 

Reference, 

detectable by 
Micro-manometer. 

Rayleigh . 

Tilting mercury U-tube . 

Phi. Trans. t A., 1901, 196, 
205 

0.68 dyne per 
sq. cm. 

Morley and 

Tilting mermry U-tube . 

Amer. J. Sli.., 1902, 13, 455* 

o-bfS dyne per 

Brush 

n 


s(]. cm. 

Threlfall . 

Micrometer screw adjust- 
ments to surface of water 
, U-tube 

Proc. Inst. Mech. Eng.^ I904,( 
p. 27 ,^ ir , 

0*3 dyne per 
1^4^ cm. 

Hering 

Tilting mercury U - tube 
with elec-contacts 

Ann'. Physik^ 1906, 21, 319 

0?^ dyne per 
•sq. cm. 

Si'heel and 

Metal diajihragm with 

Den lull. Phys.^I^sell.^ 1909, 

o-i dyne per 


inteFerence fringes 

II, 1., p. I ^ 

sq. cm. 

Chattock 

Tilting water U-tube with 

Stanton, Proc, 'insl, Cw. Eng,, 

O'OI dyne per 

and Fry 

benzene bubble indicator j 

I 

• ,vol. 156 

Aforrow, Proc. 'toy. Soc.,> 

A 76, 205 

Chattock and Tyndall, Phil. 

V 1910, 19, 450 t 

Fry and Tyndall, Phi. Ma,o., \ 
1911,21,248 

Phi, Mag., 1913, 25, 501 

sq. cm. 

Fry . 

Diaphragm . * . 

O'OOI dyne per 
sq. cm. . 


^ Proc. Inst. Mech. 33, 28. 

Ph%L M'lg., 1913 [w-]. 25, 494, 

5 Clift, B.I\ No. 108, 1913 ; Ogi’vie, No. 13796, 1913. 
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of 100 feet per second. A recording micro-manometer, consisting <ff 
a large bell-shaped float to which a pen is attached, and floating in 
water, the surface of which is covered with a non-volatile liquid, has 
been introduced by the Cambridge and Paul Scientific Instrument Co. 
The differential pressure tu which the inside and outside of the bell 
is subject is recorded on a chart rotated b^ clockwork. . 

The table on p. 172, given by Fry,^ indicaies the sensitiveness 
of various micro-manoiVicters. . 


THE MKASljiy-:MENT OF THE VELOCITY OF GASES 

'in FIl'MS 

• • 

ANfiMOMJiTERS 

'Phe velocity of a gas ii> a* pipe or chimney is most frequently 
determined by mSans of tflb Pitot tube introduced by Pitot in 1732.“ 
The use of the instrumei-y; is^ased upon hydrodynamical considera- 
tioHS which eiiable Rne to Conclude ttiat in the flow of a perfect fluid, if 
P = the prt?ssure at any p^oiifl, p the*dcnsity of the fluid at that point, 
ai«i^ V the velocity of the gas at tfiat point, then under certain conditions 

m 

= constant .... (i.) 

A more generalVelation than this is deduced from a consideration of the 
hycfrodynamical equations, but for practical purposes, the relation as 
specifted^ is sufficiently exact. It has been experimentally established 
that the relation T + }^pv^ — C, also holds for a viscous fluid. It follows 
from the.above relation that if/ = deficit of pressure due to the motion 
of the gas V?th*vclocity tl^en 

• • • • • • , 

• (ii.) 

• ^ • 

The value of the consteiTit in the above relation being the valj j p^ ,j Q^_ 
P when V — 0. If, therefote, the deficit of pressure dfie to the motion 
is determiifbd at airy^ point in a ga^^ .stream, the application of (ii.) jvill 
allow of the calculation of v, provided the value c/f pjis known. 

The Pitot tube is emf^oyed to qjjtain the veriuej^f / in an^ given 
case, and consist^of two tubes, one of which is bent a^ rigli^angles 
that its (jiDen end faces the Current ^f gas ou liejuid, and the other has 
its open end arrangecj parallel fo the^irectioF]^j[)i the flow of the gas or 
liquid. The former is known as the dynamic pressure-tube and the 

1 PAi/. Mair., igi3 [vi.], 25, 494. • • 

“ Trans. Ac^. Frat^aife des Sciences!^ 1733 . 
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c<her as the static pressure-tube. It is. important to note that p in the 
relation (ii.) is the difference betweerl the dynamic and static pressures 
at the same poinjl^ and the principal cause of error in the employment 
of the Pitot tube has been due to failure to realise this fact. It is 
obvious that the two tubes cannot be inserted so as to have their open- 
ings at the same point, and various approximations to this requirement 
have been made. ^ 

The form of Pito| tube shown in pig. 8^ has been designed as the 
result of experiments at the National 
Physical Laboratory, and using a tube 
of sugh form it k?is been shown that'the 
relation p — ~o holds rigorously. 
The relation Also holds^ rigorously when 
the static ’tube is placed so that its 
orifice is lat the wall of the pipe.^ The 
Pitdt tube, in the form illustrated, con- 
sists of iwo tubes arranged concentri- 
cally, the jnnjf.r tube being the dynamic 
pressure-tebe and having a thin -lipped 
orificv- arranged to facp the current. The 
statfe outeii tU‘be has a donjcal closed 
end, and.holes ^re drilled in it in a direc- 
tion perpendicular to the axh's of the cone. 
The diffcrcnct. between the static and 
dynamic pressure at the, point, />., the 
value of /, is determined by connecting 
the separate tubes to the branches of a 
micro-manometer of suitable delidacj^.’’ In 
general, the total pressure existing at the 
point of in.sertion of the Pitot kibe may 
be consid^erable^ and care hni^st be taken 
thatfOn^ limb of the ’gauge is ^ot subjected 
to the pressure before the tether. This 
,, - fiq. 85 ^^ can be achieved r’n a variety of ways, one 

of the simple.'?! being by means of a 
doqbly-bored tap with four ,liml/s, arranged so that cohnection is 
simultaneously made ’to the two limbs of the micra-manometer on 
turning the^tap i|ji the appropriate manner? ^ 

«M»The formula / — = {? is applied as follow^: — Consider the 
case of the flow of the air through a pfpe, the weight of ^ cubic ft. 
of air under the condi/itjns of temperalu?e and pressure ip the pipe 
being 0-0789 lb. The pressure, as indicated by the .Pitot tube, 

* i 

^ Of. Proc. Inst. Mech*En^.^ igo.^ p. 280. J, Gas Lighting, 1912, 122, 670, contains much 
useful informatiotk a bout the Pitot l^be. « 




ANEMOMETERS 


176 


is found to be 00808 ins. of w^ter. If is the appropriate valu^ 
of the velocity, then by converting the pressure to absolute units 

0.0808 , ^ I 00- 

- X 62. 1^x32. 16 == - X 0.0780x2;*' • 

12 2 

givingjz; = 18.5 ft. per sec. 

In like manner the value of the velocity v corresponding to any 
determined value of / is calculated, care being taken that p is first of all 
converted to absolute units, the appro^^riate value of,^^ and .the density 
of the liquid employed yi the man<#metcr being chosen according to the 
system of units employed, whethor c. g. s. or f. p. s. Similarly, the 
appropriate value’s of the density of the gas under the conditions 
existing in the jxpe must 'be used. 

^It may be tal^en that, proVixlcd the flow of the gas in the pipe is 
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non-turbulcnt, tllb mean velocity of flow of the gas in the pipe can 
be ^i.sce ruined by inserting the Pitbt tube in tj|ie pipe so that the 
pressure is Ascertained at a i^oint distant two-thirds of the radius of the 
pipe from^he axis. This result 1 bllo\YS from theoretical considerations, 
and has beeii verified practfcally.^ * . 

The Fletcher anem^fneter is constantty employed in chemical 
technology, and is illustrattd in Fig. 86. It will be seefn that the staTi^' 
and dynamte pressures are not take^i fit*^oints such that the relation 
P ^ hol^s rigorously. The aniynometer tonsists of two glass’or 

brass tubes a and Z», which fire fixed ifir-light, by means of a coi^c, into 
a suitable opening in the channel or chimney in which the’^elocity of 
the gas i^ to be measured, ^ that their ends are rather less than one- 
sixth of tfie diameter of the f^»distapt from nts inner wall. The tube 
a, with the straight end, miftt be fixed as neiSly normal as possible to 

the directiomof the current, wlfile the tube b must be so fixed that the 

• • 

^ J. Has Ligkingy 1912 , 122 ,^ 72 . 
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gas stream blows direct into its open ^nd. The tubes communicate, by 
means of rubber tubing, with the U-Iube cd^ which is half-filled with 
ether. The current of gas produces a rise in level of the ether in d 
and a fall in c. The resultant difference of level of the ether in the two 
limbs is measured by meAns of a millimetre scale and vernier ; this is 
called the “anemometer reading.” By® turning the sliding disc e 
through I So”, a is epnnebted with r and vvitlw/; an equal difference 
of level to that previously recorded, but in the opposite direction, should 
now be obtained. In any case the mean of the two readings should be 
recorded as the final corrected “anemometer reading.” The following 
tables facilitate the conversion of’the anemometer readings to velocities 
in the case of air, ether being employed as indicating liquid in the 
manometer. Should any hther liquid be ciaployed in the manometer, 
and any other gas than air be flowing rn the channel, the appropriate 
velocity can b.e readily calculated from those given by multiplying by 
the fa'ctor 



where p, - Density of liquid emp’ oyed in manometer 

^ Density of ethei at same temperaty^re as liquid 
(r„ - Density of air ** 

0-^ ~ Density of gas in. qu.estion td 15" and 760 mm. 


L— Table for the Reduction of the Anemometer Readings to 
Velocity of Current, expressed in feet per ^second. 

Column a gives the anemometer readings in inches ; column ^ the velocity in* feet 
per second at a temperature of is^C. - 60° F., and barometri : pre:sure 
760 mm. = 29-92 inches. •* 


a. 

b. 

a. 

(>. 

a. 

Ik 

'(K 


Inches. 

Feet per »eo. 

Inclie.s. 

Foot per «ec 

Iii(;hes. 

I^cofc per .se. . 

IiichCi’- 

^ Feet p^r HOC. 

•01 

2-855 

•16 

11-42 . 

* -32 

16-15 

~¥ 

•o.q 

27-83 

*02 

4-038 

'17 

■ 11-77 

•34 

■ i- 16-65 

1-00 

28-55 

•nq 

4-945 * 

-18 

12-11 

-36 

17-13 

1-25 

31-93 

1 -04 

5-710 ' 

•19 

12-45 

•38 

17-60 

1-50 

34-97 

1 *05 

6-384 

•20 

12 77. 

•40 

18-06 

1 -75 

3? -77 

i -06 

6-993 

•2: 

13 -OS 

'4,. 

1 i 

19-15 

2-00 

40 37 

: *07 , 

7-5.54 

' ! 

13-o9 1 

-.50 1 

20-1 S 



i *08 

8-075 

•2'3 j 

i 13-70 

•55 i 

21-17 



; -09 

' ri-565 

'24 1 

13-99 

•60 

22-12 




9-028 ' 

*25 

14-28 

•65 

23-02 



i 

9-469 

•26 

' 11-56 

•7? 

23-89 

i 


1 -12 

9-891 

•2> < 

^ 14*84 

•75 

24-73 



•13 j 

10-29 

•28 

1 15-11 

•cSO 

‘25-54 



: -14 

10-68 

•29 

1 15*38 

•85' , 

26-32 

■ i 


' L 

11-06 

4 _. 

‘ '30 

• 15-64 



■90 1 

27-08 
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jl _Xable for the Reduction of* the Anemometer Readings to 
Velocity of Current, expressed ‘in metres per second. 

::olumn a gives the anemometer readings in millimetres ; column b the velocity m 
" metres per second at a temperatjre of 15" C., and barometric pres^rc 760 mm. 


f/. 

h. 

a. 

h. 

a. 

h. 

a. 

Ik 

0 

a. 

/•. 

a. 

Ik 

mni 

ni 

mill 

tn. 

rn iti 

• 

inin. 

in 

Ill m 

m 

nun 

III 

0-1 


1-4 

2-040 

2-7 

2-833 

0-0 

3-855 

10-0 

5-452 

19 -() 

7-515 

0‘2 

0-771 

T5 

2-111 

‘^8 

2-885 

!f-2 

3-931 

10-5 

5-586 

20-0 

7-710 

0:3 

*0-944 

T6 

2-181 

2-5* 

2-935 

5-4 

4-006 

ITO 

5-718 

21 

7-900 

n-4 

T090 

T7 

2-^48 

3-0 

2*986 

5-6 

4-080 

1T5 

5-846 

22 

8-086 

0*5 

T205 

1-8 

2-313 

3-2 

3-077 

,5-8 

4 -1.^2 

12-0 

5-972 

23 

8-268 

0-6 

T341 

T9 

2-376* 

3-4 

lj-179 

6-0 

4-223 

• 12*5 

6-095 

24 

8-446 

0-7 

T442 

2-0 

2-438 

3-6 

3 - 2 ;! « 

6-5 

4-395 

13-0 

6-216 

25 

8-620 

0-8 

1 *500 

2-1 

2-498 

3-8 

3-361 

7 0 

4 -.561 

13-5 

6-334 

30 

9-443 

0'9* 

1-630 

2-2 

2'6(>7 

4-0 

3-448 , 

7-5 

•4-721 

14-0 

6-450 

. 85 

10-199 

TO 

T724 

2-3 

• 2-615 

4-2 

3-569 

8-0 

, 4-876 

15-0 

6-677 

40 

10.-903 

T1 

1-808 

2-4 

2-<7l 

4*4 

3 616 

8*5 

5*026 

16-0 

6-896 

45 

11-565 

T2 

1 -889 

2-5 

2-726 

4-6 

3-698 , 

9*0 

5-172 

17-0 

7*108 

50 

12-190 

T3 

F966 

2-6 

2-779 

4-8 

3-777 

9-5 

5-314 

18-0 

7-314 
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ni.— Table for Correctl^on*for the Temperature at which the 

• Anemometer Readings are made, to 15 ’ C. = 60 F. 

Column a gives the observed teinpcrature ; column b, the factor by which the values 
in column b of Tables 1.* and II. must be multiplied, to give the correct 
velocity. \ 
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(i. 
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Ik 
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Ik 
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0-995 

42 

0-956 

66 

0-922 

140^ 

0-835 

260 

0-735 

5 

T036 

20 

0-991 

44 

, 0-953 

68 

0-919 

150 

0-825 

270 

0-728 

0 • 

vm • 

22 

0-98« 

4?, 

O- 9 S 0 

70 

0-916 

160 

0-815 

28a 

0-721 

2 

1-022 < 

r 24 

0-985 

48 

0-947# 

75 

0-912 

170 

0-806 

290 

0-715 

4 

T020 

1 26 

0-981 

5(T 

0-944 

«0 

0-903 

180 

0-797 

300 

0-709 

6 

1-016 

28 

0-978 

5« * 

0-941 

85 

0'89» 

190 

0-788 

320 

0-697 

8 

T012 

30 

0-975 

•54 

0-938 

90 

0-890 

200 

0-7^ 

340 

0'68'^«is, 

10 

T009 

32 

0-972 

69 

0 935 

95 

0-884 

210 

0-772 

360 

0-676 

12 

1-005, 

34 

0-968 

58 

0-933 

100. 

^-878 

220 

0*764 

400 

0-654 

14 

1-003 

36 

0-565 

n 

0-930 

Ao 

ft-867 

230 

0-7,56 

450 

0-631 • 

15 

TOGO 

38 , 

0-962 

62 

0-927 

120 , 

. 0-856 

24t 

0-749 

500 

0-603 

16 

0-998 

40 

0-959 

64^ 

0-924 

13^) 

•0-845 

250 

^-742 







, 





* 




— • 

— 



Wherever possible, it is dcsi?able t(^ use, in. place of the Fletcher 
anemometer^ a Pitot , tube cf*the form d^^rjbed on p. 174, in 
conjunction \vith a micro - manometer of suitable delicacy. The 
determination* of the velocity of the gas stream is .then effected in 
accordance with the method *111 ustiiated on pp. ^74-175. , • 

M 
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Hot-Wire /Vnemometry 

The subject of hot-wire anemometry.has been very considerably 
developed in recent years, and bids fair in time to displace anemometry 
by means of Pitot tubes, or the windmill type of anemometer. The 
subject has been developed theoretically and practically by King,^ 
Morris,^ Gerdien,^ <and Bordoni,^ who have constructed instruments 
whereby practical hat-wire anemometry may be realised. The method, 
in essence, .consists in submitting a heated, fine platinum wire to the 
cooling action of the current of gas, v/hen the cooling effect of the current 
upon the wire serves as an indication of vhe magnitude of the gas 
current. Various methods whereby this result may be achieved arc 
described in the memoirs to which reference is made. The application 
of the method has been extended to a wide range of gases by 
employing fine wires, surrounded b> a coating of glass fused on to 
them.^ The ordinary sensitiveness of the metho-i employing such 
coated wires is ample for all techniqul purposes, and indeed little less 
than that afforded by the uncoated wir^. 

Various types of anemometers and' indicators have been described 
by Pannell.^ C. C. Thomas^ ha., introduced a thermomctric type of 
electric anemometer depending on the measurement of the supply of 
electric energy necessary to heat Lhc stream of gas through a definite 
rise in temperature. 


THE MEASUREMENT OF COLOUR: COLORIMETRY * 
AND NEPIIELOMETRY ‘ ^ '' 

The majority of the applications of colour measurement in 
technology is comprised of measurements whereby tne amount of a 
component part of a mixture is quantitatively determined by the 
colour imparted by such component when' in solution. As examples, 
one may give the colorirrietric determination v»of nitrous acid, ammonia, 
and lead in water. In general, the determination is made by matching 
the colour of a solution of the component in question, In a suitable 
solvent, by comparison with the colour of a suitaole standard solution. 

A fJsychical consideration is of importance in connection with > 
colorime^L®ry. T*he well-known psycho-physical Weber- Fechner law 

^ Phil Trans., A., 1914, 520, 373 ; -AxA'Phil. Ma^., 1915, 29, 556. 

^ Bnt. Assoc. Reports, 191^2.' '^'Ser, deulsch, Physik. Ges., 1913, 20, 961. 

^ Nuovo Cimento, 1912 [vi.j, 3, 241, ^ 

®/. Soc. Chem. Ind., 1918, 37, 165. Sec also Proc. Phys. Soc., 1920, 32, 196 ; Phil. Mag., 
I92<i[vi.],39» 505 - ‘ 

Engineering, 1919, 107, 261 295, 333, 363, 395. /. Franklin Inst., 191 1, 172, p. 41 1. 
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t 

states that : “In order that the iAtensity of a sensation may increase ill 
arithmetical progression, the stim'ulus must increase in geometrical 
progression.” The application of the law is made plaii:wby illustration. 

A small difference of weight cannot be recognised when the weights 
compared arc heavy, but tlje distinction can be readily made when 
the weights compared are light, and most easily, of course, when one 
of the weights itself constitutes the small difference. In just the same 
manner, technical colorimetry possesses the greater accuracy as the 
dilution of the solution is increased, and hence it is fomid that the 
practice of colorimetry* is most hi^h^ developed in the detection of 
minute quantities, and ol what may be classified as impurities. The 
application of the Weber - Fecljner law is of importance in the 
construction of a^ empirical scale of shades of colour — say grey — by 
mixtures to which various shades of ^the colour in question, grey, are 
to be referred In order that* the scale when constructed — a^nd it 
must necessarily tbe discontinuous — may be of equal “sensitiveness” 
throughout its range, then the Vlmixture of the one colour, black in 
the present instance, to Ihoiotker, white, must pHoceed by geometrical 
progression throughout the range. 

• * •*. *• 

, Coi.OR^NfKTRY 

• • 

In the technical practicp of colorimetry, the most commonly 
occurring determination . iS typified by the adjustment to equality 
of the “ depth ”pr tint of colour of the solution to be examined, and 
that^ of a standard solution prepared according to an appropriate 
* specification. In general, the adjustment to equality of tint is 
achfeved*in one jof two ways: (i) the concentration of one liquid is 
varied until equaiity of tint results ; ^nd (2) the concentration of both 
liquids is* maintained constant, the intensity of ccflour observed being 
variej by^vgrying the dept^ o^ the column of liquid through which 
the light is Uansmitted. * • 

Nessler’s*method for Jl'^ deternlination^of ammonia in water ^ is 
an example of the applidhtion of the first method. H^re the stan'^*'."’, 
solution is constituted of*ioo c.c. of ^w^ter free from ammonia, and 
the comparison soh^tion i^ an equal vokime of the water containing 
ammonia. The two solutions are contefk^ed in gfas»-stoppered bottles, 
preferably o£ cig: glass, oT glass cylinders about 20 cm,,,, high and 
4 cm. wide may be employed. To each, 2 or 3 c.c. ©f Rochelle salt • 
solution ^e added, followed drop by drop by the same quantity of 
N^ssler’s sojution (potassiun^ mercury iodide) w^tKshaking. A standard 
ammonium chloride solution, in which each c.c. is equal to 0-i mg. 
NH3, is theft added to the contents of the vessel containing, the 
^ Winkler, Chem . J ^ eiL ^ 1895, I3, 454 and 5^1 ; 1901, 25, 586.* • 
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dmmonia-free water, until equality of tint of colour of the liquids in 
the two vessels is obtained. The ammonia content of the water to 
be examined as then readily ascertained from the result, being 
expressed in mg. per litre by the number of c.c. of ammonium chloride 
solution added. Standard tubes may be prepared, using varying 
quantities of standard ammonium chloride solution, or permanent 
standards may be prepared by mixing solutions of platinum and 
cobalt salts.^ 

Eggertz’s method “ of determining carbon in steel is an application 
of the same principle, the carbon content being determinable with an 
accuracy of o-r per cent. Britton utilises fifteen standard solutions, 
representing carbon contents of from 0 02 to 0 0^ per cent., and the 
test solution is compared with the nearest of these standards. The 
consideration already deduced on the basis of the Weber-Fechner law 
should apply to the preparation of these standard solutions. 

The second method of procedure is instanced by Stead’s colori- 
metric method for the determination .'ofycarbon in steel.* Ilcrc' i g. 
of a standard steel of known carbon content and i g. of the test metal 
are separately dissolved in nitric acid' of sp. gr. i*2 at 90*" to 100°; 
to each solution 30 c.c. of hot water and 15: c.c. of sodium hydroxide 
solution of sp. gr. 1-27 are added, the liquids thoroughly shaken and 
made up to 60 c.c., allowed to .settle for ten minute.s. an'd filtered. 
A 50 mm. column of the standard solution is then passed into one 
graduated tube, and the height of the test solution in a similar tube 
adjusted, so that the tints appear of equal intensity when the tubes 
are illuminated from below. 

It is established in the theory of the absorption of light, that if 
I is the intensity of the light at any point in a homogeneous absorbing 
medium, and dl the diminution of the intensity due tc passage through 
a thickness dx of the‘'medium, then : — 

, ^ ^ - K</x ' 

where K is a constant for any given medium, but varies from one 
medium to another. <, 

Integration of the above relatiqn gives : — 

and hence 

, 

* Report of Aineriian Comniiltcc on Water Analybis, Journal of Injutious Diseases. 
Supplement No. i, May 1905, pp. 16-19. * 

2 (slum. News^ 1881, ^4, 173. ' ^ Chem. News, 1872, 26, 139. 

< /. Iron and^teel Inst.y 1883, IX*2I3 ; Chem. Ni'Uas, 188}, 47 > 285. 
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where t is the thickness of me^lium through which the light passes, 
while its intensity is reduced from to Ig. Now in the case of 
the two tubes employed^ above, adjustment is made so that the 
incident light is the same in each case, and moreover, the emergent 
light is adjusted to equality in each case.* Under these conditions 

possesses the same value in each casc^so that if the suffix a refer 
to the one tube and ^ to the other, then: — 

hence • * , 

% k: ^ 

Now the value of K is obv^oi;sly proportional to the density of the 
absorbent matter in the liquid, and. hence it is concluded that the 
percentages of carbon are inversely ^propor- 
tional to the Icn^hs of the columns of liquid 
whew the emergent beams ‘are- adjusted to 
equality. • • 

This principle is applied 'm a variety of 

coli)rimetric yistrumcnts,* A simply form of 

colorimeter is shown in h^gs. 87, and 88. 
hi this, afl lii^ht is cut otf exedpt* the small 
amount diffused through tho» ground |^lass at 
the bottom of the front .si*dc, which is trans- 
mitted through*J;hc tubes after being reflected 
by. the slip of ground white glass C. The 
light metal shade is made to fit one or both 
eyes closely at tjie discretion of the operator, 
and can be rcmcrvcd to manipulate tJie tubes. 

A thin 'nje^al^ partition separates the tubes, 
all itf paitft^d dead b[ack,^i1d tke light which 
entcis is diffused to prevent rcfle«tio1i on the 
polished sidt^s of the tube^ fis much ^s possiye. Matching of the colour 
of any given liquid agSinst a standard solution is reifdily achieved 
varying the respective depths of the liquids in the tubes. The apparatus 
is especially applicable U) the colirim«tric determination of copper, ^ 
iron, ammonia, titanium, and bismutji.\ • ^ 

T. W. Uurg^ss^ has cfescribed » simple form ot tintonn^ter which 
is useful when » large numj^er of samples of water •of similar origin* 
have to Jbe compared. It consists essentially of two tubes, each two 
f^et long„ one of which yj" filled vTith distiile^ water, and the other 
with the water under observ^ation. The light passing through these 
is reflected *upwards through two short cylinders,* and the colgur of 
, AnaJ ^ sk ^ 1902, 27, 295, 



Fiu. 87. Fiu. 88. 


A. — Metal shade. 

B. ^-Olass tulx-s to contain liquids 

for coniparisun. 

C. - White ground glass reflector. 

JD. — Tiaiisparent gyjund glass. 
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t^e water matched with a standard cyDloured solution in the cylinder 
above the distilled water tube. The standard solution is made by 
dissolving i g. of crystallised cobalt sulphate and 0 05 g. of potassium 
bichromate in 1000 c.c. of water. 

The colorimeter dcsig'ned by C. H. Ridsdale is similar in principle.^ 
In this instrument three glass tubes are arranged vertically in a 
vertical plane near c^ne another, and at their lower ends are provided 
with a small opaque vvhite cylinder. The central tube can be removed 
and is closed below. The bottom parts of the outer tube are drawn 
out and pass through india-rubber bungs into ;'uby gbss bottles con- 
taining standard solutions of diVfprent strcip^ths. The liquid to' be 
examined is placed in the central tube. The ruby glass bottles arc 
provided with syringes, vVnercby the standard solutions in the outer 
tubes can be adjusted to any desirable' ht^ights. A mirror is adjusted 
above the three tubes. By means of this mirror the tint, of the opaque 
cylinder mentioned is observed by light which ha^^ traversed each 
of the solutions, and the height of liquid in the separate tulies is 
adjusted so that equality of tint is sqcuf,cd. The strength of the 
solutions are then inversely proportioi,^al to their respective lengths. 
Ridsdale 2 has produced a modifkation of, his apparatus applicable 
to solutions of deeper tint than ca'n be used in the foregoing, apparatus. 
Colorimeters employing the same principie have been introduced 
by Stokes,^ Kennicott Sargent,'* Gunsbcrg.JJ A variation in application 
is due to Autenreith and Kccnigsberger,*® ia which equality of tint is 
obtained by moving across the beam of light a wedgp-shaped vessel 
containing the test solution, and adjusting the position of the wedge 
so that equality of intensity is .secured between the light trans- 
mitted through the wedges and that transmitted through a tVougli of 
standard solution alongside. The instrument is specially designed for 
the determinations of hiematinc in blood, but can be equally well 
employed for the determination of ^ nitric, acid, iodine,, chromium, 
titanium, ‘etc. In Schreiner’s colorimeter,^ for convenience of com- 
parison, the coloured discs prodv.ced by ^tJie transmissi«n of white 
light through the separate tubes are brought into juxtaposition. 
'*^?atterson® has designed a colorimeter in 'which the separate discs 
are brought into juxtaposition by the use of total reflection prisms, 
and as in Schreiner’s 'instrumeirt, the lengths of liquid through which 
the bdams are transmitted arc varied by raising or lowering a flat- 
^ bottomed^ubc containing the liquid in a wide tub,c containing the 
same liquid. By the use. of a sppctroscdpic eye-piece, the absorption 


1 y. Soc. Chem. Ind,, 1886^5, '386. 

3 y. Soc, Chem. Ind.^ 1887, 6, 135. 

^ y. Dingl. polyt.^ 228, 457* , 

t. Arner. Chem, Soc., 1905, 2^, 1192. 


" y. Sd,,. Chem^ Cud., 1888, 

** fhetn. Engineer, 1907, p. 5 1 3. 

Chem. Zentr., 1916, I, 2032. 

” /. So( i hem. hid., 1890, 9, 36. 
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spectra can be compared, and in* the paper referred to examples are* 
triven of the varied possibilities of» application of such an instrument 
in practice. Colorimetric qiiantitative Analyses of mixtures are readily 
carried out by the use of the instrument so arranged. 

The colorimeter is largely used in the oilMndustry, awd two forms 
of colorimeter employed therein have been introduced by A. Wilson 
and C. Stammer respectively. 

Wilson’s colorimeter* consists, of a box, the h'd of which may be 
clamped at any angle and acts as a stand for two brass tubes b (Figs. 
89 and 90), 16 in. lon^, holding tthe oil and the standard glasses 
respectively. Both tub^r^ are closQcf by thin glass plates fixed in 
screw-caps. A mfrror at the bottom of the lid reflects the light through 
the tubes and thrcMigfi a pair of prisms into tlfe eye-piece. The field, as 
seen through the eye-piece, is* divided by a sharp line which allows of 




Fio. 90. 


the * co*mba^rison of the two halves of the field, which are tinted 
respectively with, the colour of the oil and that of the standard. A 
series of* four standard glasses is supplied witii each colorimeter, 
corre^poiK^ii^, *in ascendiw^ or^er of depth, to the four commercial 
grades — wat^r-white, superfine v^hite, prime white, and • standard 
white. • * , • 

In making a determination one of the tubes is filled with oil, the 
other remaining empty. The tubes are first fixed in position ; one half 
of the field* seen through the eye-ptece ^ill now, of course, be darker 
than the other. .Standard gla.sses are then insertt^d jn the empty tube, 
until both halves of the field have approximate!/ the same tint.* The 
grade of the oil is.thus fixed. ^ 

Stamr»er’s colorimeter haS the advantage over that of Wilson that 
it jallows of the variation of thb length of th^ j:oJumn of oil measured, 
whereby the .shade of colour can be more accurately defined. 

The construction of this apparatus is shown diggrammatically in 
Fig. 91. A fixed tube -cr, on which is place^a standard glass plaje 
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cis arranged side by side with a cylinder c in which the oil is placed ; 
this cylinder can be moved up and down by means of the hand-wheel 
whereby the length of the cdlumn of oil under comparison is varied 
at will. Both z and c are closed at the bottom by thin glass plates 
through which the light reflected from the mirror p reaches the eye- 
piece 0. The length of the column of oil is adjusted until both fields, 

as seen through the eye-piece, have 
the same depth of tint, and this 
length is measured on the scale m, 

« The usp of the single glass 
, standard ;}ivas found by Boverton 
Redwood ^ to be open to objection, 
as the Sensitiveness of the test was 
mil’ch impaired when the column of 
oiluhad to be greatly shortened’ for 
the comparison. # Modifications in- 
trofluced by R. Redwood hav^ over- 
come defect 

J. W. Lovibond“ has designed 
c an instvument which he terms a 
“ tint$)meter,” whereby, any colour 
,m^y be*' readily determined and 
registered. The instrument is illus- 
trated hn Fig 92. It consists of 
a parallel-sided b^x, divided by a 
central taper partition B, terminate 
ing in a knife-edge at the eye-piece 
C. This knife-edge, being'inside the 
range of vision, ,is not seen when 
the instrument is in use.** At the 
Oliver -er^d of the ins^trument are 
two apertures D, D, pf equal size, 
FiQ. 91. ‘ alterabjie in size and shape by means 

(I of diaphragms. They are separated 

by the thick end of the central partition ii, which, together with the 
sides, is recessed by grooves. ‘ The instrument is arranged so that 
the only light wl\ich' can reach the eye passes in equal quantity on 
each bide of the paitition, illuminating the object under examination 
on one ^^de j^nd standard glasses inserted for tlifi purpose on the 
other. The substance to be examined, Mf a liquid, is contained in a 
square cell arranged wifhin one cf the"dk/isions,^and suitable standard 
glasses are inserted in the other division," so that on looking through 

* Cf. Petroleum Kind its Pro^JuctSy 3rd ed., 1913, vol. ii. p. 2 1 5. 

* 2 /. Soc.^ Cbem. Ind.^ 1888,^7, ^34 » ^^9°! 9» ^0 J 4®9 > ^909i 28, 500. 
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the eye-piece, shaded to prevenj access of side light to the eye, th^ 
tint visible through each division is the same. The standard 
glasses consist of coloured slips cilt to fit the grooves of the 
instrument. The slips are arranged in series, all those in each series 
being of the same colour, j^ut being of dMerent dejith of colour. 
The variation of the depth df colour is in regular degrees, each degree 



• • 


betng of the same tint value as^that chosen for the unit of the scries. 
Thus a single slyj of lo degrees ti»t value has the same value as 
10 glasses of i degree, K.vei;y slip is, moreover, marked with the 
corresponding nuj^ber of de^^rees or tint number, and also with a 
denominational or colour number showing to Vhich series the slip 
belongs. The units in various dcpjths of colour are chosen so as to 
be consistent •with*thc possibility of the addition of a single unit 
being distinguishable in the dcep(;^*shades ; in the lighter shades, in 
acJordancc w?th principles already rc^ferred to, subdivision of the unit 
is accordingly possible. , 

When the colour of a fabric is to be estimated, this is stretched 
on a block and* placed in one division, and a white fabric of similar 
texfure prepared with a plate of pure plaster of Paris is placed in the 
othi^r. • The standard plates are then inserted as described until the 
two divisions as viewed through the eyc-piecc appear of the same tint, 
whdn light reflected from the fabric* and from th^e sheet of plaster of 
Paris rcspfic^tivfjly pass dojvy the compartments. Powders, sugar, etc., 
pressed in a small tfay are similarly examined. P'or very accurate 
observation.^ the intensity* of the*light employed may be determined 
before commencing by (Jc^ing one division, and placing' in the other as 
many slips of neutral tint as serve to obstruct all* light. By me 
substitutioft of a movable wedge qf coToured gla.ss for the standard 
plates, the app^areitus becomes iinm^cfiately j^vailable for ordinary 
colorimetric determinatior^. An in>jDrfivcd forn^ is binocular, and is 
suitable for t*ests" of colour vision. Tlie instrument i^.supplie4 together 
with tintymeter sets suitable for use by dyers and prTnters, for fabrics * 
and soliefs, for determinatioij of sugar and caramel, for water analysis, 
for determination of carborf in steel, and for determination of the colour 
in tanning seJutions, petroleums, oils, waxes, lards, flour, etc. Spielmann 

and Wood have used the tintometer for theldetermihation of cyanpogen 

* • • • • 
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^compounds in concentrated ammonia liquor.^ The application of the 
instrument is seen to be extremely wide. Konig " has devised a method 
of colorimetry for the estimation of metals, dependent upon the 
depth of colour imparted to a borax bead of known weight by a 
measured quantity of the' oxide of the meUl. 


Nepiielometry:, 


Nephelolnetry is distinguished from colorimetry by the fact that 
the former is concerned with the comparisoij/of scattered radiations, 
whereas the latter is concerned with the comparison of transmitted 
radiations. It is well kr\pwn that when ? bearq of light is incident 
in a dust-laden atmosphere, the individual particles of dust in the 
beam are clearly seen when viewed in a direction at right angles to 
the direction of propagation of the ' beam. The particles scatter a 
portion of the light incident upon them, and Lord Rayleigh^ has 
shown how the intensity of the beam oT I'ght scattered in any direction 
is to be calculated from the physical cluTracteristics of the particles 
and of the medium in which the particle;?) are suspended. The necessary 
precautions indicated by theoretical consideration*^ for tjie comparison 
of the intensities of scattered radiations have not, in general, been 
taken into account in nephelometric work. Invariably tl.e suspensions 
are illuminated by non-homogeneous light, and usually no precaution is 
taken to obtain equality of size of the scatteiing particles. The main 
difference between the practice of colorimetry just described and that 
of nephelometry consists in the fact that in nephelometry the radiation 
is incident on the suspension in a direction of right angles .to the 
direction in which the suspension is viewed, wherers in colorimetry 
the direction of vision corresponds with that of the incident radiation. 
Nephelometry is accordingly applied to the measurementr of suspensions 
in opalescent liquids, special reagents?' such '''as starch soliStfon, stearic 
acid or gelatin being added to maintain the precipitates *1n the form 
of suspended colloids. , *' » 

^-^Details of 'nephelometric determinatiojis have been given by 
Mulder,^ Stas,*'’ Richards and . Wells, and others.^ Richards and 
Wells have detailed all the precaution'^ necessary for accurate 
nephejometry, and have described an arrangement'* whereby exact 
nephelorq^try is .possible.^ Theit nephelometer is shown in Fig. 93. 

• It consists of two test tubes arranged almost verticTally, but slightly 


^ J. Soc. Chem. Ind.^ 1919, 38, 4 Is T ; see ajpo AlktCti li^spector's Report^ 1906, p. 42. 

2 Proc. Amer. Phil. Soc., 7 * 29, 184, 208, 2ii. * Phil. Ma^., 1871 [iv.j, 41, 107, 274. 
4 Die Silber Prohiermfihode, 1859, p. 53, Grimm, Leipzig. ° Oeuvres, 1894, l, 155. 

® Proc. Am. Acad., 1804, 30, 385,^ J. Amer. Chem. Soc,, 1905, 27, 459. 
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inclined toward one another, so ithat the eye can look into both. • 
Around the test tubes are two optique sliding jackets. When the 
slides are adjusted so as to^ive equal opalescence in tlje two tubes, 
the precipitate is taken as being inversely proportional to the lengths 
3f tube exposed to the light.® This relation does not hold accurately 
for dense precipitates, since the nearer portion j^artly hides the portion 
more distant from the source of light, but with slight opalescences, the 
Mirror is not great, cspecially-when.the lengths arconot very different. 
There are three separate parts to the nephelometcr, the main frame A, 
ivhich holds the tubes iq^position, • 

\ movable top B contaiifi^g ad- 
justable prisms, and a large box C 
in which is the soufte of light. 

The tubes to hold the solutions ^rd 
Df cfear glass, fr^e from striationsf 
md contain 0 032 Jitre of the re- 
ipectivg liquids. They are painted 
Dutside, round the tgp and bq^^dqi, 
ivith black asphalt paint. The^ 

Dpaque bands form tl^e mosj? con- 
venient methpd*of obliterating re- 
flections frerm the meniseds and, 
the curved bottom of the test tube. 

The .space between the lowet^edge 
of the upper banc] and the bottom 
of the tube is thd same in each ca.se. The lower edge of the upper 
band ^projects below the wooden sujiport B in order to provide a sharp 
line 6f defharcation between light and darkness, as well as to allow 
the tubes to be sl^t into complete darkness by the sliding tubes S, S. 
The lubes* rest upon equal wooden pillars (which* guide the sliding 
jacketsj, and ^project well j^b4)ve,the support P in order to preserve 
their cleanliness. The*jackets arc^of .glass, thickly painted, ^and are 
moved up or #lown as desii^e^, being finally held in any desired place 
by a brass spring. Whei* the jackets are rafsed, they ^Jisclose below 
two scales which indicate •exactly the lengths of the tubes above 
exposed to file light. Upon the frame* rg.sts the small box B, which 
shuts out all light*an 3 is yet easily remoi*able. In^th^ box is containecl 
a small frame which can be adjusted ifl any desired position by nffeans 
of the set screw The frame carries two 15'' prisms, with tflfeir thin 
edges ground so that they fit cfosely. ^On looking downwards through 
the^ prisms, semi-circular images of about half of each test tube are 
brought into view side by s*de, and together appear scarcely larger 
than a single* tube, the dividin'g line between beings scarcely visible. 
The success of the instrument /lepends uppn this arrangement* of 
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prisms. It is found that, with pract/ce, successive readings of the scales 
by one observer will not differ by.ias much as a millimetre. 

The principal possibility of error lies in the state of the precipitated 
material held in suspension. Wherever possible, the state of the 
suspension, in the two tubes should be^ exactly the same, and to this 
end the compared suspensions should, »vherever possible, be obtained 
in the same way, and the solutions stirred from time to time. The 
average of many results is within one or two per cent, of the truth, and 
the instrument is capable of detecting one part of silver chloride in 
30,000,000 parts of water. ^ 

According to P. A. Kobev,^ the prinelfpal source of error in 
nephelometry is an instrumental one, ,^lue to the diaphragms or 
openings at the top of the cye-pieCe being too large. As pointed out , 
in connection with colorimetry, the ujjplication of the Weber-Fochner 
law leads to the deduction that nephelometric determinations are 
po.ssible with the greatest accuracy in dilute suspensions, and in 
general the strength of the suspension should not exceed 100 mg. 
per litre. Nephelometric determinations are to be preferred to 
colorimetric when 'the suspension is only slightly coloured ; when the 
suspension is highly coloured, a colorimetric determination is to be 
preferred. The varied applica-tions of nephelometry 'are detailed by 
Kober, including the determination of ammonia, acetone, fats and 
oils, proteins, calcium, and phosphorus as representative bf the extrc'inely 
large number of possible applications. 


RKFRACTOMETRY: THE MEASUREMENT. OF c 
REFRACTIVE INDEX ' 

The refractive' index of a substance is a physical property which 
may be employed for the characteriratifeU' and analysis rjiqfe especially 
of liquids and solutions. That its ,yse for this purpose has become very 
general only recently, is mainly due to the fact that the earlier standard 
methods for nr.pasuring the refractive index of a liquid were too complex 
for the requirements of the ^nalyst.^ It was not until the spectrometer 
and hollow prism were rcpl^vccd ^oy the critical aq.gle refractometer that 
the accurate measurement refractive power could be made with 
reasonable rapidity, and become of praUical utility in the chemical 
laboratory. , v. 

When a ray of light is incident at the interface separating two media, 

* J, Soc. Chem. hid.. iqjS, IS- ' ' 

^ C/.].C. Philip,/. Soc. Chem. Ind., 1919, 38, 139 T. The same volume of the J. Soc. Chem, 
hid. contains a valuajjle series of contributions on “ Refractometry and its Applications in 
TeAnical Analysis,” pp. 139 T-150 T. 

« • ' 
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it is, in general, transmitted in 4he second medium in a direction • 
different from that of its path in the first medium. The laws 
relating to this so-called ref|;action of li^ht were first stated by Snell 
in 1621. He showed that the angle of incidence i is related to 

the angle of refraction r, by thic relation ^ = a constant determined 

by the natures of the media of incidence and refraction. If the second 
medium is the optically denser medium, the refraqjecl ray approaches 
more nearly to the normal than is the case with the incident ray. 

The value of the ratio is found t(k depend upon the character of 

the light in the incident rkj^. If the incident ray is composite, il 





l/v' 

Fio. 94. 


the incident, ^a^iation can be resolved into constituents of different 
wave-I«ngtlis,*then diffcrcnt^A^luffs of r for a constant value of / will 
be obtained fer each of the^e different* constituent wave-lengtfis. The 
refracted ray fn this case will* be spread out iiito a so-called spectrum, 
and the phenomenon is tefrned dispersion. 

In the ca«e of a homogenous incident *ray, the constant ratio 

• • • • sin,^ 

is termed the refractive index of mediunf,2, with respect to medium i. 
If medium i, is a vacuui^ or air, *t is customary »to refer to the 

corresponding value of «s the refractive index *of medium 2. 

It clear tjjat if a ray js inci^ftnt along DB (seq.Fjg. 94), corresponding 

to grayng incidence (f=90°), the refracted ray in the denser medium 2 

• • 

is such that, medium i being air, - ^ ^ — %, the reTractive inde< of 

V • .sin R • • 
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j medium 2. Furthermore, the refracted ray BC, under these conditions, 
marks the boundary separating the- dark region to the right of BC from 
the bright region to the left, when the point B is illuminated by rays 
incident at all angles of incidence included between 0 and 90°. When 
the light is incident in the second or denser medium along CB, no light 
emerges into the upper medium i. A Hke phenomenon arises if the 
angle of incidence in th'o denser medium 2 is greater than the angle 
R ( = N'BC). This phenomenon is known aS total reflection, and the 
angle R is known as the critical angle. Where the critical angle R is 
determined between two media, one whose refractive index Ji is required 
to be measured and the other of refractive index N, it is easy to show 
that d 

^ sin R or N sin R. 

N •• o 

This is the -fundamental relation Of refractometry employing the 
limiting ray or critical angle. 

The refractometer in which the ffin^tamental relation // = N sin R 
is most directly employed is that of Kans Hecle.^ In this the 
limiting ray is incident at the plane ^interface separating the liquid, 
whose refractive index is required, from^ a sphere of heavy glass. 
The point of illumination is the centre of the sphere, so that no 
refraction occurs on the ray enieiging into air, and the relation 
;/ = N sin R is directly employed. It is obvious that the instrument 
can only be employed for substances for which n is not greater than N, 
the maximum value of sin R being i. This rule is of general application 
to the various types of rcfractometers utilising the existence of the 
limiting ray. 

The rcfractometers most commonly employed in technology 
comprise (i) Pulfrich’s refractometer ; (2) Abbe’s refractometer; (3) the 
Butyro-refractomctCr, and (4) the Dipping refractometer. . 

C / 

* I* o 

The Pulfrich Refrao':pmeter.- 

Es.sentially this instrument (Fig. 95) consists of a rectangular glass 
prism, mounted so that of the twe faces at right angles to une another, 
one, PQ, is horizontal, the other, OS, vertical. ° T,hc liquid, whose 
refractive index is required, is^ contained in a small glass vessel 
cemented to the horizontal prism face. PQ is illuminated by mono- 
chromatic light furnished by a vacuum- tube or a flame containing a 
bead of sodium chloride, etc. The path of the limiting ray is indicated 
by ABCD. In this t:a^ = N sin R where N = refractive index of 

1 /. Soc, Chem. led., 1909, 2 \ 773 - 

^ See Gi\ild, Proc. Pkys. Sof.t 1918, 30, p. 30. Notj on the Pulfrich Refractometer, 
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the material of the prism. The^ angle of emergence 
the prism being 2, then . 


Hcncc 


sin 4^ __ 
sin (90 - R) 


N. 


cos R 


sin i 
N " 


of the ray fron\ 


and .22 -- - sin-/. 


The value of N, at the appro|^iate temperature being* determined 
oncu for all (it may bf** remarked that a secular variation of N of 
very small amount is posiible), a determination of the value of 2, the 



angle of emergence of thc^ljmiUng ray, suffices for the determination 
of the refractive index*of the liquid cn;ployed. The instrument enables 
determinations of refractivt'^ indices to be made with an accuracy of 
one unit in the fourth deciiffial place. * , 

As the refractive inde:># of all liquids varies with temperature, the 

general value of i/\,thc variation of n {:^r degre^^, being about 0-0005, 

it is clear that to enable thoipossibilitijis of the instrument to be 'satis- 
factorily utilised, temperature regulation correct to 0^2° is eisential.^ 
It is questionable whether 1:his decree of, temperature control is 
usually attained. The general* practice consists in passing a current 
of water of regulated tciTiperature through* tfie mounting of the 
* • • 

^ See Simeon, Proc. Phys. Soi.^ 1918, p. 30 — ” The Accumey attainable with Critical Angle 
Refractometers.” • - • - - 
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f)rism, and through a silver vessel lovjfered into the cell containing the 
liquid. 

The appearance of the instriSment is sh^wn in P'ig. 96. The prism 
mount is shown at L, the liquid under examination being contained 
in the holIow^ glass cylinder above. The stream of water, at regulated 
temperature, circulates as indicated by t*he arrows, passing into the 
silver vessel S and tj^ie pfism mounting. Monochromatic illumination 
may be furnished bj^ such means as a coloured flame, a mercury arc, 
Geisler tube, etc., any desired wave-length being satisfactorily isolated 



Fiu. 9G. ' 

by means of the appropriate screen, of jvliich a large •iiumuer 
produced by Mrssrs Wraften & Wainwrighf. t The auxiliary prism N 
is employed for directing the light from a flame used as source, on to 
the prism of the refractom^teV. « It must be remember<?d that the 
value of the refractirc index determined i*s appropriate only to the 
wave 'length of the light cmploj^cd. The telescope EF is fixed to the 
divided fircle 9 and rotates with it. The latter m^y be clamped in 
any desired position, and a fine,adjustrftent of the cross v^’re to the 
line of demarcation between ligE*- and 'dark effected by means of the 
tangent screw G. 'rtie tangent screw carries a drumheacl enabling 
the dispersion of ^ny liquid to be accurately determined. • 

'j. he refr^ictive index pf solid bodies may be readily determined by 
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THE ABBE REFRACTO METER 
% * * 

means of the Pulfrich’s re fracto riveter. For this purpose the hollow , 
glass cylinder is removed, and the *solid brought into optical contact 
with the prism face by interposing a film of suitable liquid of high 
refractive index, such as a-monobromnaphthalene. The procedure 
is then exactly as already described. The refractive indices of doubly 
refracting crystals in any dejired direction relative to the optic axes 
can likewise be readily determined in this manner ^ 

The Abbe Rgfractometer. 

It is readily seen thjftvthe rangew*of refractive indices measurable 
by means of a refractomet^ of the Pulfrich type is restricted by the 
*fact that the po^itidb of the 
prism is fixed. An extension* * 
of tlie range o£ refractive in- • 
dices capable of measurement 
is secured by the use of tho • 

Abbe Refractomet«r (Fig. 9*7^. • 

In this, a double prism capable • 
of being rotated abq^t a htfri- 
zontal axis is e^n ployed. Thoi 
double prism is composed* of 
two*prisms of Sense flint glass. 

The prisms are mounted /in 
hollow metal c^ses, through 
which a current *of tempered 
^vater is maintained. The in- 
teriefr fa(?es of these water 
jackets are gilde^ to prevent 
corrdsion.* 

To^deternjine the refract#\i3 , 
index of a ^quid the* double 
prism is opeiKid and a dro|f g)r 
two of the liquid placed* on 
the ground surface of the loWer 
prism. Th$ prisms are then 

brought together ^nef clamped. . ^ 

By means of the mirror N m beam of Jiglit is caused to illuminate the 
ground surface of the lower of the two prisms. Lf^ht is scattered 
in all directions by the various poii^ts of tlje ground surface, and 
provided flie refractive indejc •of the upper prism is greater than 
that of the* liquid being iii'^estigated, the rays entering the film at 
grazing incidence will be refrAted through the prigm, emerging as 
parallel rays. These ra}^, brought to a* focus by lyeans oT[ a 

• N 
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.telescope, mark the boundary betw^pen light and dark. It can be 
shown that if:— . 

# 

N = Rafractive index of the upper glasar prism. 

A ^ Refracting an^lc of upper prism. 

a = Angle made by limiting rays with tiormal on emergence from prism, 
then «, the' refractive inde*: of the liquid = N sin |a - 

Either monochromatic or non-nmnochfomatic light may be used. 
The emploj^ment of white light is made possible by the use of a compen- 
sator whereby the effects of the ^dispersion dq6 to the liquid and prism 
are neutralised. The compensator consists 'of two direct-vision Amici 
prisms rotated by means of the milled ntt M, opposite directions. 
A colourless border-line separating the dark and bright fields is thus 
obtained, and the double prism is turned by the arm J so that this 
line ^of separation, sharply focussed, is made to coincide with the cross 
wire of the telescope. The refractive index of the liquid can then, 
if necessary, be calculated by means*oS*the above formula, but in the 
instrument the refractive index is dirbctly read off on a divided scale 
rigidly attached to the arm carrying ^he,, double prism. This scale 
moves with the arm past a vernier scale^an'd the appropriate refrpctive 
index is found against the zero af the scale^ 

A measurement of the dispersion* of the liquid can be obtained by 
reading the drum of the compensator when colour compensation at 
the border-line is secured, reference being then made to tables supplied 
with the instrument. 

The Abbe instrument has a scale of refractive indices extending 
from 1*3000 to I *7000 and the accuracy of reading is o-oooj. A test 
piece of glass of known refractive index serves to check the scale of 
the instrument from time to timo. The instrument is largely employed 
in the examination of liquids such as aniline, milk, sera etc,, and can be 
readily employed for the examination of oils and fats, "^he Lutyro- 
refractometer, however, has largely displjtced the Abbe instrument 
for the examination of these latter materihlc. 


The B'jtyro-Refractometer^ 

Ihis instrument (Fig. 98) fesembles L^he Abbe in some respects. 
The two prisms, as in the latter instrument, are ipounted in double- 
walled water jackets, and the ^ upper ‘prism A is rigidly attached 
to the telescope K. ^ The prism A also is constructed so that 
an achromatic line of separation is obtained in the eye-piece of the 
telescope when ^ure buUer is used between the two prisms, white 
ligjit being employed for illuminati9n. The scale of the instrument 
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is fixed in the focal plane of tl\e objective, and reads from — 5 to • 
+ 105 corresponding with refractive indices for sodium light from 
1-42 to 1-49. The position^ of the botder line with respect to the 
scale is read in some instruments on a micrometer screw, and 
the corresponding refractive, index obtained by reference to the 
table. Elimination of colbur at the border-line being only 
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possible in the case of piTre butter fat^ the border-line, as usually 
obtained, is*coloured^ A blue fringe incljcates a fat of higher, and 
a red fringe a fat of lower* dispersive power thaTi {^ure butter. ^The 
temperature ysually empl(fyed is If not* ta^en at 40 » I^he 

readings are usually corrected for temperature by adding 0-55 division 
to the reading for every degree ai)Ove 40.°,^ The scale of the 
instrument can be adjusted by* meane of a 1 <ey,^and is checked by 
ascertaining the refractive ^index of the standard liquid supplied 
with the instfument, at a -series of temperc^tures. Xhe divisions^ of 
J Cf./. Amer. Chent^ I9«4, .26, 1193 ; Aikilyst, 32. 44.* 
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, the scale of the instrument correspond to the following refractive 
indices : — , 


Divisions on Scalp. 

Refrtyitive Index. 

Difl'eroncc. 

« 0 

1.4220 

0.0080 

< 10 

i. 43 oo| 

‘ i- 4377 | 

i- 4452 | 

i- 45 ? 4 | 

» 1 
« f 

1-4593 

0.0077 

20 

« 

0.0075 

30 ♦ 

0,0072 

40 

0.0069 

50 

. 


. i 

0.0066 

60 

1.4O59I 

« r 


\ 

0.0064 

. 70 

i-‘ 4723 * 

0.0060 


\ 

80 

1.47831 

1.4840I 

1.4895! 

0.0057 


r 


0.0055 

100 



The instrument enables rcfrtictive indices to be det'errnined correct 
to o oooi. ' » . • 

The Dipping or Immersion vRefractometer. 

In this type of refractometer, a prism is mounted at the lower 
end of a viewing telescope, the prism itself being immersed ip the 
liquid whose refractive index is required (Fig. 99). White .light 
reflected from a mirror suitably placed falls at grq^zing incidence on 
the brightly polished face of tl^e prism when immersed in the liquid, 
and in accordant! with the principles enunciated ,abpye, the field 
of vision is divided by a boundary -of %$paraJion between light and 
dark portions, such boundary being determined by the*»paths of the 

limiting rays in the ppsm, which are* yltimately fodussed in the 

focal plane ofVhe eye-piece of the telescope* A pair of direct vision 
prisms is provided between ,the prism and the telescope objective. 
The prisms can be rotated liy means,. of a .milled nut, whereby 
colo|;ation of the boundary , line is compensated. 'The scale of the 

refractometer is situated at the focal plane of the ey,e-piece and is * 

graduated from — 5 to +105. The boundary line* is sharper than in 
the Abbe instrument, and this renders possible the use of *a telescope 
of higher magnifying, ’power than thfej ordinarily employed with 
the Abbe type of instrument. The position of the boundary line 
is ;*ead to i/ioth of a, division by meahs of a micrometer screw. 
In* the original form of dipping refractomftpr, the prism was cemented 
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into the telescope body, and tiiis introduced many difficulties of* 
operation. The range of refractive indices to which the instrument 
was applicable was also an e!|f:tremely restricted one (1-32^39 to 1-36640 
for sodium light). The Abbe instrument possesses a range 1-3000 
to 1-7000 for sodium light. ‘The accuracy possible with The dipping 
refractometer is, however, 000003 compared with 0000 L with the 
Abbe instrument. The^ range of the dipping instrument has been 
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extended to a refractive# index 1-55 for sodium light by Messrs 
Bellingham* and Stanley, by the pr( 5 vrsion of a scries of prisms 
of suitable refractivfe indices, such’ prisms being easily affixed \o 
the telescope body as reqi*ircd, and •tig^itness b^ing assured by the 
provision of d washer of rubber or lead, etc. It is irfte resting* to note 
that the refractive index of#ordina^ watcr^ varies slightly with its 
content of dissolved substaijcas. 'Dius tha* value of n for town 
water is greater by 6-oooo?|., and for pure crfstitled water saturated 
with c^krbon •dioxide at ^tmoepheric pressure, less by 0 00003 than 
the value of n for distilled water ; such v|riations are Just within 
the possibilities of measufement’ oT the instrument. * 
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The temperature of liquids examined is generally regulated to 
17*5° by immersion of the beaker ^containing the liquid in some form 
of bath controlled by a thermostat, time being given for the prism 
to attain the same temperature after immersion in the liquid. From 
the above considerations it is clear that in order that the possibilities 
of the instrument may be practically realised, temperature regulation 
constant to 1/50*' is, essential. 

The dipping reFactometer can be readily adapted for the measure- 
ment of the refractive indices of liquids obtainable only in small 
quantities. For this purpose the mstrument can be easily converted 
into a modified type of Abbe instrument, a few drops of the liquid 
being applied to the face of an auxiliary p’lsm which is then attached 
to the polished face of the refractometer prism, a him of the liquid 
interposing between the two prisms. The instrument can also be 
made “continuously reading” oy th^ provision of a suitable vessel 
in which the prism is immersed, and through which ^'he liquid flows. 

The Interference Refractometer. 

According to the wave theory of light, a ray of light is propagated 
through a medium termed the ether in the form of waves. The 
motion of the ether particles constituting the wave is transverse 
to the direction of propagation of the wave, this la^^t requirement 
being introduced from a consideration of the phenomena of polarisation. 
Different colours, as developed in the spdetrum, are characterised by 
differences in the nature of the waves by which they are propagated 
in the ether, the characteristics of a wave being its wave length, period 
and amplitude. The velocity of propagation of a disturbance in a 
medium is related to the wave length X of the disturbance, and the 

periodic time T ol" the same, by the relation v = Now if two 

trains of waves of identically the same c 4 rAracteristics ar,e.consildered, 
emanating from two sources e\oi^ to one another, it ds clear that 
conditions can be adjusted so that at certain points a \rough of the 
one wave train is superposed upon a crest due to the other train. 
Consideration of the case of waves propagated on water, lead 
ipimediately to the concludon Abat under thes.e circumstances any 
effect due to the one train of waves is annulled by ‘the effect due to 
the other. In like manner points can be chosen in which crest is 
superposed upon crest, the result being an augpnentation of the 
effect due to the single, wave tcain at that point. Briefly,ithis is the 
basis of the doctrine of interference. ‘ In the case of light, the cofre- 
spondence of the crest of the one train of waves with a. trough due to 
the^ other, is marked by darkness, whereas where cre^t corresponds 
with crest or trough with trough, ojr put more generally, at any points 
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where the wave trains are superijjosed in the same phase, there is an, 
augmentation of the effect due to £ach train, the augmentation being 
a maximum at the crest or though of the system. One other theoretical 
point requires attention. A crucial experiment carried out by Fizeau 
showed that the relative refractive index of'two media»was equal to 
the ratio of the velocities of light in the media. It is clear, therefore, 
that if two trains of light waves with the sanie characteristics, emitted 
from the same source, pursue separate paths, a part of one path being 
constituted of a medium having a different refractive indpx from the 
uniform medium constituting the* other path, then if later the two 
wave trains are superposed, the way^ trains will no longer be in step. 



Fkj. too. 

or ‘‘ in*pl?ase,” at all points on being superposed. This is the basis of 
the construction* of numerous forms of interferometers. Of these, 
however,*it is certain that few, if any, have up to«the present satisfied 
the e^cacting demands of •opchnological practice. A modified type of 
the Rayleigh interferometer ^ whic]^ has been devised for the determina- 
tion of the refractive index wf gases •is of interest. In this instrument 
a very fine slit is illuminated by a bright so*urce of white light. The 
light is collimated by a leiTs suitably placed in the collimating tube to 
which the* slit is attached. The ^ean^ of collimated light is then 
divided into two, the separate beamje^ pursuing j^irallel paths, each 
through a cojumn of gas l)f any de^red nature.* Emeiging from the 
columns of gas, tjie separate beams each traverse one; of two*fine slits, 
and the ^ansmitted beams ^re suptyposed by a lens, being brought to 
a focus by means of the lensk *A system of hijerference fringes results 
from J:he superposition o^ the beams, a difference of phase being 
introduced at some points by the beams having b^jen propagated in 
^ Collected Works, Vol, IV., pij.’iiS, 36^ \J^oy. Soc. Pretr., i8yG, $9, 198 ;»i898, 64, 
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(media of different refractive index. Another set of fringes which may 
be termed the reference fringes is ^produced by the beams which pass 
over the tops of the tubes co/itaining ga^, and separately illuminate 
the fine slits mentioned. These two slits so illuminated form two 
sources emitting vibrations in the sam^ phase, and the reference 
interference fringes arise from these sliti being situated at different 
distances from any given*^ point. The two sets of fringes so obtained 
are viewed by means of a cylindrical eye-piece — linear magnification 
alone being required — and by adjusting the pressure of the gas in one 
or other of the tubes, the bands fire arranged so that the one set 
appears as the continuation of rthe other, ' This is achieved by 



Flu. 101 


identifying the central band of the system, this alone being 'free fiom 
colour, and arranging that the white band in each system is a continua- 
tion of the similar b'^nd in the other system. By varying the pressure 
of the gas in one of the tubes this adjustmorV- is made, and the refractive 
index of the gas relative to that qf the other is then determined. The 

necessary calculation is based upon the fart that for a gas ^ ^ or 

1 p 

(«- i)P is a constant, where P is the pressure, n the refractive index, 
and p the density of the gas.^^ if 4 he suffixes a and refer' to the two 
gases, when the adjusCment is made as above, it foflow.s that 



»b ~ I Pa' 


A type of interferometer suitable for technological work is illustrated 
in Fig. 100, p. 199.^ Its general principle corresponds with what has been 
said above. The tubes may be used to contain either liquids or, gases, 
and pay be of leRgth varying from 0-5 to lo cm., and the accuracy in 

• ^ ATade by Messrs Adam Ildger, I in»ited, Camden Road, London. 
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the measurement of refractivities varies accordingly from 00006 to, 
•0000003. The two sets of intci;ference fringes are brought into 
adjustment by altering th^ inclination of one of two glass plates 
interposed in the paths of the interfering beams. Tfiis change of 
inclination is measured by th^ rotation of a micrometer scfew working 
at the end of the lever. Thc«principle of auto-collimation is employed, 
the interference beams traversing the columnj^ of liquid or gas once in 
each direction. Undue length of 
instrument is thus avoided. A 
small electric lamp forming an 1 
integral part of the instilment is 
used as the source of Hgh^ 

• Thornoe’s Re^rac^ometer like-' 
wise utilises the principle • ( 5 f 
intel'fcrence, and is especially 
useful in the analysis of bccr.^ 

It is ijlustrated in Fig. loi. . , 

Temperature Control • 

Some form •f ternperature con- 
trol is in general necessary when 
usirfg any foiln of rcfractometer 
in technical practice. In Fig. 102 
is illustrated a simple thermostatic 
device due to Tftorpe,’^ whereby a 
supply of tempered water at any 
predeteyn^ined temperature may 
be readily obtained and circulated 
in any desired part of the rcfracto- 
metric appllTnct. The ves^^ con- 
sists esscntlaTly of a vessel for gen- 
erating steaiTj or other appr^opriat? ^japour, containing a coil through 
which a current of watcr«f^ows and is heated*before it passes through 
the refractometer or othcrd'nstrument, the position of Vhich is shown 
at Z, by wliich the observations at ^iven constant temperature 
are to be made. Tfie rat^of flow oF w^^ter is regulated by the screV 
clamp H. E is an arrangement for •maintaining a' constant head of 
water at the' point of entrance to tfie coil. The apparatuses very 
i’eadily brought iitto action, »nd under ordinary wording conditions 
it is easilj^ possible to secure ft steady current of water not varying 
moVe thanO'i ' or so ill temffcrature throughouf*thft day. 

^ , • 

^ Cf. Pope and Ling, /. Soc, Chem. hid.^ 1901, 20, 73|f; also Z. *ges. Brauw,, iSgf, 20, 
373,387. 1904, 85, 257. • 
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POLAKIMETRY— THE MEASUREMENT OF OPTICAL 
ROTATORY POWER 

*' C 

It is usual to specify the magnitude of the optical activity of 
a substance by what is termed the Specific Rotation. This varies 
with the wave length of the light employed, and is greater for light 
of short wave-length than for li|^ht of longer wave-length. It is 
the common practice to express specific r6tation in terms of the 
D lines of the sodium spectrunl, and so expressed, specific rotation 
is designated by the abbreviation Iivthe case of a pure substance 

the specific rotation is equal to th(^ rotation produced by a length 
of I decimetre of the pure sulpstance divided by the density. In the 
case of an active substance dissolved ^n an inactive solvent, the specific 
rotation is equal to the rotation produced by a' decimetre of the 
solution divided by the weight of*th'e active substance contained 
in I c.c. of the solution. Thus if c^i^'the rotalion produced with 
sodium light by a length / of the solfltion expressed in decimetres, d 
the density of the solution, and / the percentage* concfiitration Qf the 
active substance, then : — , ^ 


It may be remarked that the specific rotation of a solution of an 
active substance depends not only upon the wave length of the light 
used, but also upon the concentration and temperature of the solution 
and the nature of the inactive solvent ♦ 

Light Sources. — Until recently the sodium lines were invariably 
used in technical ,oolarimetry, and for many years any sodium source 
was considered suitable. Later the Ij^ht filters oi' L'ippich^ and 
LandoltAvere introduced.- Subsequently, spectvurn filtratibn was used. 
According to the Bureau of Standards,^ t,Le be.st result^ are obtained 
by feeding sorne form oPfused sodium carbonate into an oxy-hydrogen 
flame. It is pointed out that noticeable variations in polariscopic 
measurements are likely to be observed with sodium sourccu. at different 
intensities. The g{;een line*. of incandescent mercury, X = 546iA, is 
being more and more used for accurate polariscopic work. It is 
easily cbtained by the use of a quartz mercury vapour lamp, combined 
with a prism of low dispersion. Lowly ^ suggests the following as 
suitable sources of li^ht : — Lithium, 57 , p8 red; cadmium,' 6438 red; 
sodium, 5893 yellow ; ' mercury, 5461 green; cadmium, JuSb green ; 

^ Z. Instrumentenk.^ 189^, 12, 340. ^ Ber.^ 1894, 27, 2872. 

^ 3 Circjilar No. 44, I9l8,^p. 15. ^ ^ Phil. Mag.^ 1909 [vi.], 18, 320. 
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cadmium, 4800 blue; mercury, ^359 violet. The cadmiUm lines, ho, 
suggests, should be obtained from*a rotating arc, using as electrodes 
an alloy of 28 per cent, cadi^ium, and yc per cent, silver. For ordinary 
technological purposes a sufficiently intense sodium *flame can be 
obtained by immersing a Iqigth of about three inches of thin .sheet 
asbestos in a concentrated tolution of common salt, drying, and then 
wrapping round the tube of an ordinary Birtisen ^burner, the asbestos 
forming a prolongation 6f the tube. The gas is lit at the asbestos. 

• FUNDAMEnVl PRINCIPUES of POLARIMETRY 

The simplest* method\of determining the plane of polarisation 
of a beam of plahe-f)olarised light, is to pas.? the plane-polarised beam 
through a Nicol prism. Wh^n*the Nicol prism is so orientated that 
its principal section is at right angles to the plane of polarisation 
of the light, no light passes through the prism, and complete darkness 
resuite. It is obvious that^ this principle can be applied to the 
construction of aa instrument* for the determinj^tion of the rotation 
of the plane of polarisation by4)assage of a beam through an optically 
active substance. *Biot, ih 1840, introduced the first polarimeter 
embodying ,thfs principle. If was sofm found, however, that in actual 
pr^tice sUch^ a system, while id(?ally simple, was very insensitive, 
the field of view appearing dark whilQ the Nicol was rotated through 
quite an appreciable angle.* The sensitiveness and accuracy of setting 
is very considerably increased in the modern polarimeter by utilising 
an auxiliary piece of apparatus, whereby the field of view is divided 
* into two parts, and the light in these is polarised in planes inclined 
at S. snTan angle to one another. It is obvious that when the analysing 
Nicol is turned go that its principal section is at right angles to the 
plane of'pojarisation in the one half of the field, tlwit half will appear 
blacky Whgn turned so that the principal section is at right angles 
to the planp of polarisation in tjie i?t//er half of the field,* half 
appears blacjJ<. If now th^«Nicol is turned so that its principal section 
is equally inclined to tht* re.spective planes of polarisation in the two 
halves of the field, the w^iole field will^ appear uniformly bright. It 
is obvious that the actual accuracy of setting should be proportional to 
the angle between the respective plants of polafisa^^ion, since rotation 
of the analysing Nicol through th^ angle changes the appearance 
of the field of vjsion from darkness in one half to .darkne.^ in the 
other. Xyith a very small angle, howpver, the .setting to equal illumina- 
tion is a matter of difficultypoVing to the sifi^ll amount of light from 
a givgp Source then transmitted into either half of the field. On 
this account* it is desirable t6 be able to adjust the sensitiveness of 
the instrument to the intensity of the source of light employe*(;j, as 
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tit is obvious that with a feebler source of light a larger angle between 
the respective planes of polarisation in the two halves of the field 
must be employed. Devices^ whereby Jhe light in the respective 
halves of the field is polarised in planes inclined at a small angle 
to one another will be ’referred to in the description of the various 
instruments. ‘ 

Quartz Compei}Sati6n. — More particularly in polarimeters used 
in the determination of sugar, and hence termed saccharimeters, 



,Fio. 103, 


instead of actually measuring the angle of rotation of the plane of 
polarisation, this rotation is compensated by means of a counter 
rotation produced by a thickness, whicH^ can be conveniently varied, of 
some optically active material, more particularly efuartz* Soleil found 
that the rotatory dispersion produced by solid rock crystal (quartz) 
and solutions of sucrose for various wave lengths wCiC practicc*lly 
identical, and he introduced the system of quartz compensation into 
saccharimetry, which makes it possible to employ white light, the 
rotatory dispersion and consequent colour effect duo- to the solution 
of sucrose being negatived by the counter dispersion due to the quartz. 
The principle of quartz compensation will be readily understood from 
Fig. 103. The figure illustrates the single-wedge \system of com- 
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pensation. A is ? pi'atc of dcoctro-rotatory quartz and is stationary. 
C is a wedge of lievo-rotatory quartz aiid is likewise stationary. 
The we'^lge B of laevo-rotatory quartz can be moved laterally. In 
the position shown, the .respectiye rotations impressed upon a beam 
of plane polarised light by the right- dnd left-handed quartz systems 
are equal, as the beam" traverses equal tlficknesses of the kinds 
of quartz. This position is the zero position. The rotation produced 
by ^ dextro-rotatory sugar or other solution can evidently be com- 
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pensated by moving B to the right, when the beam traverses a greater^ 
thickness of laevo-rotatory quartz, than of dextro-rotatory quartz. 
The system as figured is ^mployed oaly to compensate for dextro- 
rotation. Laevo-rotation may be compensated by a similar arrangement 
in which dextro- and laevo-rotatory quartz -are interchianged. The 
double-wedge system illustrated in Fig. 104 affords compensation 
for either dextro- or laevo-rotation. The wedges A and D of opposite 
rotation are fixed, whild B. and C similarly of opposite rotation are 
movable, so that any equivalent thickness of la:vo- or dextro-rotatory 
quartz may be interpose^ in the pa 4 h of the beam. 

The application of the principles •enunciated above will be shown 
by the consideratron of a nymber of typical polarimeters. 

• • • 

« • 

The Duboscq Hajf-Shatlow Polarimeter. 

This instrumefit is illustrated in Fig. 105. The light from a soclium 
flame^t L passes through a gla.ss tell B containing a solution of potassium 
bichromate, which*serves to'de^f^rive the light of#blue and violet rays 
derived from the Bunsen flamft. The rays are collimated by means 
of t^e lens C ^nd fell upcWi a Jellett-Cornu prism P which is virtually 



Uv 

Fig. 105.— Duboscq Polarimeter. 


an ’artificially twinned crystal of Iceland spar. Jt is produced by 
dividing afi*orflinary Nicc 4 ,into halves along its whole length corre- 
sponding to* the planti of the shortest diagonal. A small •wedge of 

angle - is grSund from the sifrface of both halves which are then re-united 

2 * , 

by means of Canada balsafm. The transmitted beam' of light consists 
of two portions of equal intensity pofansed in planes inclined at an 
angle a to one another. T is the tube, containing the optically actfve 
liquid. A is the analysing Nicol, ami O and E Jtogether form a^small 
Galilean telescope focus.sed on P. Vhe analyser A* is carritd by a 
vernier VV mo\hng over affixed divided circle. ( 3 ne arm of the 
vernier reads directly degre^.s»of rotation, the other, divisions of an 
artitrary^cale of whfch lot) divisions represeht fhe rotation produced 
by I mm. of quartz. • 
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Laurent’s Sactharimeter. 

This instrument again is of the half-shadow type, and is shown in 
section in Fig. io6. G is a lens used to concentrate the light from 
the sodium flame L on the aperture D, whence the light passes to the 
collimating lens C. Q is a half-wave plate of quartz cut parallel to 
the axis and cover.s one* half the field of view of the instrument. It 
is of such thickness that it introduces a relative retardation of half 
a wave length of sodium light in the portion of the beam transmitted 
through it compared with that transmitted through the other half 
of the field. The result is that the beams occupying the respective 
halves of the field, although initially polarised in the same plane, 
are polarised, after transmission past or through Q, as the case may be, 
in planes inclined at an angle to one another. This angle is equal 
to twice the angle between the optic axis of the quartz crystal and 
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the original plane of polarisation of the beam. By means of a lever 
attached to P, this angle can be varied at will. When the angle is 
small the sensitiveness is great, but illumination of tjie field is weak. 
In any case, the maximum accuracy is obtained by employing an 
intense source of light at L, and the smallest half-shadow angle 
consistent with a distinctly visible field. The quar{z plate V and 
wedges W are employed as quartz compensators in the manner 
already explained. The movable wedge carries a vernier by which 
the amount of movement of the wedge necessary to restore uniform 
illumination of the two halves of the field on insertion of the optically 
active liquid in the tube T is read. The analyser A is mounted so as 
to be capable of a slight rotation, so that when the scale of the com- 
pensator is set at zero, A is rotated to the position such that the two 
hajves of the field appear equdly i'luminated. 

•I .« 

' , * ) 

^ Soleil’s Saccharimeter. 


This instrument is shown in Fig. 107. The parts, L, C, T, V, W, 0 , E, 
serve the same purpose as in Laurent’s "'Saccharimeter. The polariser 
and analyser P and A'are double image prisfns of Iceland spar a^'hroma- 
tised by means of glass prisms. Q iS what is termed" a bi-quartz, 
and consists of two plates of quartz, one ^dextro-rotatory, the other 
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laeVo-rotatory. They are cemented together so that each covers one^ 
half of the field of view. They are f)f such thickness that each rotates 
the mean yellow rays of thp spectrum ^through 90°, so that when the 
principal sections of P and ^ are parallel, these rays arS cut out, and 
the residual rays and blue ra^s form what is -termed the; sensitive or 
transition tint, which is complementary to the jaune moyen of Biot, 
The analyser is turned so that, using white* light, the same tint of 
colour appears in each half, of the field. With the slightest rotation 
of the analyser from this position, one half of the field appears red, 
the other blue. White Jight musUbe used with the instrument, and 
the Sensitive tint can oiMy be obtaijitd with such light. In default 
of being able to Use white light, or when the optically active liquid is 
^appreciably coloured, •recourse is had to the fise of the quartz plate D 



Fio. 107.— ^oloil’s Saccliarimctor. 


and the Niqol ISf. Rotatory dispersidVi of the light is produced in D 
and^the orrentation of N i 5 adju^eii*so that the red and yellow rays 
are diminished in intensity, thereby restoring the sensitive tint. The 
Nicol N is protected fre^m dust by the glass plate B. Soleil’s 
instrument, it m^y be pointed out, is only suited for the examination 
of liquids such as solutions of sugar in which the rotatory dispersion, 
*as has already been remarked^ is the same as in quartz. Moreover, 
the rotation is measured for the mean yellow rays of wave length 
0-00055 mm., whereas that of sodium light is about 0-00059 mm. 
The’ rotation ^measured with the *Soleil instri*#nent is generally 
desigijated The Solcfk instrument cannot be used by the colour 

blind, and the instrument is fallirjg yito disuse, in sugar technology, 
owing to th(? impossibilit }7 f>f employing the instrument with coloured 
solutions. ♦ 

• 

The Schmidt and Haensdh Polafimeter. 

The Schrnidt and Haewsch Polarjjicope is shoAvn in Ing. 108, ^^hich 
also represents the general appearance of a polarirneter or Sacchari- 
meter. the original fornf of pol^rimetens^ the half-shadow device 
eniployed consisted of a Jqllet-Corau prisns,^ details of which have 
been ^l^ady given. * In tfie later forms, the* Li^pich prism is more 
generally enlployed for -this* purpose. Otherwise the instrument 
introduces no new principle and is noteworihy principally on account 
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chanical refinements. TheXippichaPoIarising system is accurate, 
rtuu <.an be used with any kind of monochromatic light, ahd.*may be 
of the double or triple field type, and ini;he opinion of sortie, constitutes 
the only satisfactory method of obtaining a«variable half-shadow angle. 
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The arrangement is shown in Fig. 109. The polariser is shown at ^ 
P. B and C are two small prisms* e^ch of the same depth, but about 
half the width of the polariser. The snvill prisms are Lippich Nicols, 
while as polariser either a fijppich or Gian Thompson Nicol is used. 
These are slight modificatioiis of the original type of I^icol prism. 
The small prisms have an angle of 93° at D and E, and about 87° at L 
and M, and the faces LD and ME are inclinerl at a small angle to the 
axis of the instrument, the qdges D and E being parallel or nearly so. 


c 



^ l^fi. 109. 


The*eye-piece is, focussed on thes« edgc*s, and the field is seen divided 
by faint lines into^ three parts, F, G, jfnd H (see figure), or two ff D 
and E,are in contact. If tha^ .system is viewed through an analyser 
whose principal section is sight angles to th^it of P, G appears 
relatively darker than F and H.# When the analyser is turned so that 
its principal section js perpendicular to those of B and C, G appears 
relatively brighter than F and ♦H. The adjustment is therefore made 
by ^scillating^the analyser betvvceft these two positions, gradually 
decreasing the angle of oscillation until equality of the three fields 
F, G, and H is secured. . .• 

• 

Determination of Optical Rotatory Power. 

P.evarting to the figure of the Schmidt and Haensch instrument 
(Fig. 108), the following description will indicate the general method 
of determining the optical rotatory *power of arg^ liquid with the 
approp^riate of polarin>^ter. F is the tclc.scope, /, /, lenses for 

reading the* verniers moving over the sHding scale K of the instrument. 
The analysing Nicol is at ^ 5 / aifd .moves with the telescope and 
revolving graduated dial«{ Vi represents the Ynovable jDolariscr, with 
the graduated segment of » circle fixed to it. B contains bichromate 
solution. sodium flame is emplaydicl *with the instrument. The 
graduated dial is m^de to 'revolve by njeans of by hand, or by ^ 
micrometer screw after. the screw* hSad ^ hs^ been fixed. "The 
dial is, as a rule, graduated all the way round. In addition t» whole 
degrees, half and* quarter dqigrees are indicated on *the dial. By 
means of 1 vernier the scale^ ig read* to o ou°. If desired, a second 
scalb gm^itoated to re^fti dir<fctly sugar perccntTiges is provided. The 
instrument being directed .towards the brightest part of the sodium 
flame, the zero position is Jound by focussing the telescope on The 

’ o • 
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^ Lippich polariser, so that the field presents a perfectly clear round 
circle divided into two equal parts a sharply-defined vertical line. 
If the graduated dial is turned through three or four degrees to the 
right or left, one half of the field becomes brighter, the other darker 
The zero position is adjusted so that the zero line of the circle 
coincides with the zero of the vernier. The sensitiveness of the 
instrument is adjustable 43 y means of //. When h is in its zero position, 
and at the same time the analyser A is ,placed in the zero position) 
both halves of the field appear black. The instrument is the more 
sensitive the more nearly h is rdjusted to the zero position. As 
already explained, however, the minimum of light is available in such 
a position, and in general the position of the pointer at is most 
suitable particularly when the solutions are nDt quite transparent, 
When the pointer is moved, the zero point of the instrument changes 
and no longer corresponds with tj;ie zero line of the dial. The 
difference between the latter and the zero position must either be 
taken into account (the simpler way) or else, after the graduated dial 
has been moved to zero, the apparatus must be again placed in the 
zero position. To clo this the analysing Nicol is turned by means ol 
a screw until the half shadows present the same appearance. 

Special attention must be paid to the following point, which il 
not noted may lead to consideiable confusion. When the circle has 
been turned too far, and has gone beyond the sensitive range oi the 
apparatus, the light, on comparison, appears of the same intensity or 
either side of the dividing line, and the point may be mistaken foi 
the zero position. Under these circumstances the circle may be 
turned through lo, 15, or id" or so with hardly any change iii the 
appearance of the respective halves of the field. It is particularly 
necessary, therefore, to see that in determining the ^ero position anc 
subsequent reading with the active substance that the transition froir 
light to shade and vice versa occurs abruptly on rotating the dial. 

To determine the rotation produced by the dptically active solution 
the sample is placed in the tube and the circle turned ^mtil the twe 
halves of the f\pld preserft the same appearance. The rotation is ther 
read off from the graduated dial. In an instrument provided witi 
quartz compensation, the equivalent rotation is read by adjusting th( 
quartz compensation <*device so that equality of tne two halves of the 
field is secured as <ilready explained, and the reading indicated b) 
the scale attached to the device taken. 

Numerous mechanical and optical improvements have been intro 
duced by makers of polarimetefs in recent yeans. Thus bellinghan 
and Stanley secure 'greater illumination of the' scale by CG.7^tructinj 
this so that it faces the source of light. The polariser ^ and analyser 
moreover, are optically -stable. They employ quartz wedges onh 
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20 mm. long, whereby the selecticjn of better optical specimens becomes 
possible. Accuracy of reading is •secured by means of a vernier of 
special design. • • ^ ^ 

Polarimeter Tubes. — The liquid to be examined for optical 
rotatory power is contained in a tube of the ‘form shown in Fig. no. 
It will be noticed that one tnd is considerably wider than the other. 

With a tube of this form, any air bubbles tn thp liquid collect at a 

% 

a • 


and are thus outside the field of visujii. The tube is provided with 
ground ends wliich fit against plane, glass plates. The* glass tuJbe is 
fixed into metal end pieces provided with screw caps and india-rubber 
washers by which the plates* of glass can be screwed down firmly 
against the respective ends ^of* the glass tubes. •Care must be taken 
that the pressure so introduced docs not render the glass plates 
doubly refracting. *The ab^nce of* double refraction is tested by 
placing the, tubes in positicci when qp^pty with the ends screwed tight. 
ThWubes jfle generally some ‘multiple of lo cm. in length, the 



appropriate value being rfiarked on thejn. Their exact length can 
be ascertained if desired means o/ a .%uitable gauge. The employ- 
ment of tubes of different lengths enaj^les onef tcb decide upon the 
actual rotation, when the •direction Jf rotation is unknown or *when 
the rotation is considerable. In Fig. in is show» in section a 
water jacj<eted tube, wherel^y the temperature of the liquid may 
be^ effectively controUed. Th6 active liquid ,is introduced by way 
of the Tdhnel-shaped projection which also serves for the insertion 
of a thermoVnetcr T as • shoVn. Care nyist be . taken that , the 
thermometer does not prefect jnto the tube so as to obscure -the 
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field of vision. Tempered water derjved from a device such as that 
shown in Fig. 102 is circulated through the jacket. 

Special types of polarimetei* tubes havj been designed by Bates, 
Landolt, Pellet, Yoder, and Wiley. P'or particulars of these see 
Circular 44, Bureau of S*iandards, Washington, 1918. 

Control. Tube for checking the Scale of the Saccharimeter.— 
For purposes of checking the scale of a saccharimeter a tele.scopic 
form of control tube whose length c,an be adjusted either from 0 to 
210 mm. or from 210 to 420 mm, is commonly employed. This tube, 
due to Landolt, as manufactured bj^ Schmidt and Haensch, is shown 
in Fig. 1 1 2. The tube is employed in the* following manner A 
sugar solution is prepared of such strength that it’ gives a reading 
of 100 divisions at a length of about 400 mm. 1*110 tube is filled by 
removing the funnel which serves to receive the overflow of solution 
as the tube is shortened, and closing the opening by means of a plug. 
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The tube is drawn out to its full extent, and after removing oiiO' of 
the caps, filled in the usual way. The scale readings corresponding 
to various lengths of tube are then ascertained in the usual manner 
and compared with the calculated values. Further particulars will be 
found in The Optical Rotatory Poiver of Organic Substances by Landolt, 
1902, p. 441. V *. 

In verifying a saccharimeter by means of sucrose solutions, it is 
important to bear in mind the variation of the specific^ rotatory 
power of the sugar with concentration. The table c'arculated by 
Browne Lorn the experiments of Schmidt and erf Landolt useful in 
this connection.^ , 1 

Details of the variou.^ saccharimeter scales employed in practice 
are given in the'Section on Sugar (Vol. VI.)r 

Effect of Temperature.— For the ordinary polarimetei- employed 
for measuring absolute rotations, rto temperdture correction other than 
that hecessary to allow for aiiy 3ero-shift that may occur is necessary. 
In instruments employing a quartz wedge for neutralising the rotation 
of the substance, a temperature correction is unavoidilble. Schonrock ^ 
has pointed out that the necessary correction is made u[i of three 
parts: (i) a correctimi due to change in shape of the quarks wedges ; 
(2) that due to a change in the specifig rotation of. quartz with 

» ' t- 

^ Handbook of Sugar Analysis^ i )I2, p. n8. Ver, deut. Zuckennd.^ 54, 521. 
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temperature; and (3) the change due to the expansion or contractiup 
of the material of the scale. * , 

It can be shown ^ that for quart^i - compensating saccharimeters 
having a scale engraved nickelinc, that the scale ‘reading and 
f is related to the required ^cale reading at 30 ° by the equation : — 

^20 ^ I +o.oooi48(/~ 20)}. 

When the scale is* etched on the quartz \Jcdge the correction 
coeflicient is 0-00013. 

The influence of temperature* on the specific rotatio*n of sucrose 
ha 5 been studied by niimerous invoHtigators. Schonrock gives : — 

'H'l. =- Hu - Hu 0-0002I7(i‘-20). 

* • • 

He also found for the normal* sugar solutions that the temperature 
coefficient was independent of Ijie wacve length of the light employed, 
but that it decreased with increase in, temperature, thus* — 

Toinporatmo. Co»*lIicu‘iit. 

* ro° . . . 0-000242 

• 20 . . 0-0001 ii4 

30 . O . . 0-000121 


In tjlie ordinal^ testing of si^crose, the solution is made up to volume 
and read .at the same kimperatyi^, which, in general, is not the 
stciTTdardisatlon temperature. It is desirable, therefore, to know the 
variation in the sacchariipeter reading of an approximately normal 
sucrose solution per 1°. * The results obtained by different observers 
are as follows 


Andrews'^ .... 0-0300 

U.S. Coast and Geodetic .Survey . 0-0293 

• Wiley ^ .... 0-0314 

•Pi insen Ceerli<^s ’ ... . 0-0300 

* ^ Watts & Teinpany . (1*f>3io 

•V 

• Mean . ^ . . 0-0303 


The vaihe obtained ,bV adding together the best values of the 
separate coefficients entering into this constant ,J!s 0-0348. The 
polarisation in sugar degrees at 20" of an approximately normal 
sucrose solution mi^de upland measiired* at the same temperature f is 
thus given by : — • 

. V,ii + oi>oo3(/-2o)}* . 

and this is sufficiently accuijate for all ordinary polarimeter measure- 

^ Circular No. 44, Bureau of^SiUndards,^H)\%^ p. if. 

'\*Technology Quarterly, Mjteiachusetts Institute of T^echimlogy, May 1889, p. 367. 

^ J. Av^er. ChetH. Soc., 1899, 2^ 568. 

^ Archie/. Java. Sinker tmf,^ July 1903. 

® West Indian Bulletin^ vcM. iii., p. 140. 
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Cfients whatever be the type of tube or scale. If, however, the solution 
be made up to volume at 20°, whi^e 'the polarimeter measurement is 
made at another temperature, all apparatus, being at this temperature, 
the above formula is no longer applicable. Under these circumstances 
the formula ^ to be applied is : — 

W20 = W^{ I + 0.000609 (/- 20)}. 

Clarification. — For polarimctric purposes active solutions frequently 
require clarification. The clarifying agents most commonly employed 
include: (i) alumina cream ; (2)basit lead acetajte; (3) animal charcoal. 
Others possessing advantages in , special casts are : (4) neutral lead 
acetate; (5) basic lead nitrate; (6) alum solution; (7) sodium 
hyposulphite; (8) sodium ' hypochlorite. Particulars relative to these 
various clarifying agents will be found on pp. 63-73 of Circular 44, 
Bureau of Standards^ Washingtdn, I9r8. 

Basic lead acetate solution is prepared by Ling in the following 
manner: 150 g. of fine lead acetate crystals is mixed in an evaporating 
basin with 45 g. of litharge and 25 c.c. of \\^ter. Th«s paste is allowed 
to remain at room temperature for tw(i to three hours with frequent 
stirring. The paste is then gently warmed* on a piece of wire gauze 
or sand bath, and then poured into 50J c.c. of water, and allowed 
to stand until the small amount of undissoivcd sediment settles out. 
The solution is then fiUered, and the sp. gr. of the clear filtrate 
should be i-20. 

Alumina cream is made by pouring a cold 2 to 3 per cent, solution 
of alum into dilute ammonia of sp. gr. 0-98, in a bottle! The alumina 
is allowed to settle, and washed in the bottle by decantation twice 
a day until the supernatant liquid gives no reaction with barium 
chloride. This usually takes a week. 

In conclusion, may be mentioned that the polarimeter finds 
increasing use in the determination of s^.gar, starch, essential oils, 
the examination of alkaloids, camphors, lubricating and mineral oils, 
etc. Its use is not necessarily confined co the determination of 
optically active rubstances; a large number'e-T inert substances exert 
a powerful influence on the rotatory powei of active solutions. As 
an example of such application it may be mentioned that acetone 
anci boric acid can be determined by this means in solutions of tartaric 
acid of known strength. Moreover, the solvent used to dissolve an 
optically^’ active substance exercises considerable influence on the 
activity’of the solution, and this fact may juflbrd a considerably widened 
field for the use of the polarimeter in technical practice. 

^ Circular No. 44, Bureau of Standards^ Washington, 1918, p. 39. 
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THE MEASUREMENT V)F ELECTRICAL CONDUCTIVITY 

• 

The resistance of an electrical conductor h defined in accordance 
with Ohm’s Law as the constant of proportionality between the 
difference of potential at the ends of the conductor to the current 
flowing in the conductor. •Thusjf a current C timperes flows in a 
conductor when a difference of potential or voltage, or electromotive 
force^ as it is indiffereitly terme( 5 , equal to E volts, is established 
between the ends of the conductor, the*n the resistance of the conductor 

* T7 

qs equal to R ohms„where R Is given by tUe relation R = and in 
accordance with Ohm’s Law th*e value of R is a constant for any 



O 



• Fki. 113 . 

given conductor, independeji? of the value of tjie difference of potential 
applied to the ends of the^ conductor, provided the t^Tnperature and 
physical st^te of the conductor are un^lt^rcd. 

The methods fon the jmeasurement of the resistances of solid 
conductors are detailed in any text-bd^k of Practical Physics J^see, 
for instance, Watsons Text-book of Pifoicticotl Physics ^ Longmans, 1913, 
pp. 432-474). Th|; most commonly employed method* depends upon 
the use ofjthe Wheatstone brtdge in ©ne of its many forms. It must 
here suffice to say th^t the ^Vheatstotie bridg*e^consists of four resist- 
ances, X, P, and S, connected as shown in the diagram, Fig. 113. 
A battery B is connected ^Vith'the arms of th^^ bridge via the key^K^ 
and a galvanometer G via a secoqd^key K^, aild the various* resistances 
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• X, P, 0, and S being adjusted so tjiat on depressing Kj and then Kg 
and maintaining both keys depressed (it is important that the keys 
be depressecj in the order specified) no djiflection of the galvanometer 
is produced, the elementary theory of the bridge shows that under 
P* 

these conditions X = q.S. The common practice is to adjust P and Q 

to any desired values — say P=i, Q=iooo ohms — and then vary the 
resistance S untiP balance of the bridge is achieved. During the 
preliminary adjustment of S to the required amount, the sensitiveness 
of the galvanometer is suitably' reduced by shunting it with an 
appropriate resistance, so that mo large deflections of the galvano- 
meter are produced. The full sensitiveness of the galvanometer need 
only be employed in making the final adjustments to balance. The 
resistance of the conductor, however obtained, is measured in terms 
of the ohm ms a unit. ' 

It is customary to speak of the resistance of a V:onductor in terms 
of what is called its specific resistance. This is defined as being equal 
to the resistance o^ a cube of the subst£?r.ce of i cm. side, the current 
passing through the cube normally from one face to that opposite. 

It follows immediately that the resistance R cf a specimen of the 
conductor of length L cms., and cros^-.scction A cms., is related to 


the specific resistance of the specimen by the rclacion 


K - 


I 


It will be seen that the appropriate unit tor the designation of specific 
resistance is the ohm-cm. More especially when- considering the 
electrical properties of .solutions, it is customary to speak of the 
spccifiic conductivity of the conductor or solution. The specific con- 
ductivity a- is the inver.se of the specific resistance />, thus o- = - , and 

P 

the appropriate fuiit for the designation of specific conductivity is the 
ohm"^ cm.“h The unit of conductivity^ is indifferently referred to 
as the reciprocal ohm or mho. 

In chemical technology, occasion must frequently Arises for the 
measurement ^ of the specific conductivity of solutions, and this 
operation will alone be considered in tne present section. While 
the method of the Wheatstone bridge is applicable to such measure- 
meijts, the use of direct Currents is rendered difficult owing to 
polarisation effects* at the electrodes ihserted into the solution. 
Owing to the existence of these polarisation effects, the current 
through the electrolyte is not, m genefhl, proportional to the E.M.F. 
applied to the electrodes. A- back’ F.M.F. due to polarisation is 
produced at the electrode.s. 

The phenomena of polarisation as influencing the measurement 
of the conductivity of a solution haye been examined in great detail 
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by Kohlrausch, who has shown how the effects of polarisation may 
be obviated by the use of an Alternating current in a special type 

of Wheatstone bridge, a telephone being employed in place of the 

% • 
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galvanometer customarily ^itsed.' This type of bridge is illustrated in 
Fig. 1 14. The bridge is represented diagrammatitally in Fig. 115. The 
four arms of the bridge aire constituted respectively of the resistances 
X to be mcisurecl, inserted between the terminals A and C the 


• • 



Fio. 115. 

4 


resistances unplugged in th« box of •coils shoiyn, and the two portions 
of the bridge wire As an3 BS into which tfie bridge wire is divided 
at the point’ of contact of the slider S. The Kohlrausch Universal 
bridge is so constituted ^fhat it can be uasd either wifch alternating 
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pr direct current, the latter being employed when ordinary measure- 
ments of conductors are being made^ ^For use with alternating currents, 
the current in the bridge is ^derived from the secondary coil of a 
small induction coil whose primary terminals are connected with a 
two-volt accumulator or two Daniell cells. For use with alternating 
current, the key K is turned so as to make contact with the stud T, 
the plug P being inserted. For use with direct current and a galvano- 
meter, the key K is* depressed to make contact with the stud G, and 
the plug P /emoved. The telephone is connected to the ends of the 
wire AB as shown, one terminal bding conneoted to B and the other 
to A by means of the rod AD. , The terminals of the secondary of 
the induction coil are brought to E and S. The slicfer slides along 
the rod FG, so that contact can be made at any {)oint S on the wire 
AB. Although every sample of telephone is not equally suitable 
for use with .the bridge, common telephones are frequently found 
satisfactory. It is a convenience to use two such telephones, attached 
to a light spring which rests upon the observer’s head, one telephone 
resting against each ear. The coils cin» ^he box . are composed of 
resistances o*i, i, lO, lOO, and looo ohnrs, and the bridge is suitable for 
resistance measurements between 0-05 and '?o,ooo ,phm^ with sufficient 
accuracy for most technical purposes. lii general it is found that no 
position of the slider is possible, so that the sound in telephone is 
reduced to zero. This absence of a position of zero noise is attributable 
to the existence of self-inductance and capacity effects in the bridge. 
Chaperon ^ has shown that the disturbance is mainly attributable to the 
capacity effect of the coils, and has devised a means of winding the coils 
so as to reduce it to a minimum. The practice in using the bridge 
consists in determining the position of the slider so that the noise in 
the telephone is reduced to a minimum. This position is best located by 
oscillating the slidet from side to side of the approximate po,sition of this 
point so that equal loudness of the noise ir^the telephone is, heard.. The 
amplitude of the motion is gradual^ly and continuously reduced until 
finally the position of the minimum is located as accurately as possible. 
The experiment is repeated a number of tirries and the mean of the 
various readings of the slidef taken. If the balance point S divides 

the wire AB in the r^^tio - then the resistance of X = - (resistance 

I ^ ^ 

unplugged from bpx). For greater accuracy^ the coil which brings the 
point of* balance, on the wire as near to the middle as possible should 
be unplugged from the box. TJie scal^ of the bridge is graduated 

so as to indicate the ratio ^ directly. TVe induction coil employed 

may constitute an integral part of th6 apparatus or any other coil 
’ ^ Chnples rend.y i88q, Io8, 799 . 
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may be inserted in the bridge. The coil employed should make very 
little noise. If one ear alone is ^.^ed with the telephone, it is well 
to plug the other with cotton-wool. Th^ coil may, if found desirable, 
be placed outside the room oV encased in cotton-wool and surrounded 
by a box. 


Preparation oi the Solution of the Electrolyte. 

• 

The preparation of the solution of the electrolyte demand^ consider- 
able attention, more partioularly whel! dilute aqueous solutions are being 
investigated. According to KohlrausA and Heydweiller, the specific 
conductivity of the purcsl ivater obtainable in a vacuum is 0-04 x lO"*^ 
■ ohm"' cm."'. That df what is termed Conductivity water in air at 
I S'’ is about lO"® (ohm cm.)"', a t*w?nty-fivc fold increase. The specific 
conductivity of ^ N\\oqo solutiftn of*potassium chloride at 18° is 
approximately 0 00012 (ohm cm.)"' 120X lO"^^ (ohm cm.)"', 

120 times greater than that of conductivity water. For the ordinary 
measurements of electrolytwe resistances in chemical technology 
particularly when dilute .solutions are being investigated, satisfactory 
water may be pjepar^d from* ordinary distilled water in the following 
manner. Some distilled water •is placed in a carefully cleaned beaker 
and tyiled. •'^le beaker is emptied &nd a fresh supply placed in the 
beaker, which is then immersed in a freeizing mixture. The beaker is 
not stirred, A coating of.iiCe forms round the walls of the beaker. 
When about a qyarter of the water has frozen, the remaining water 
is thrown away and the ice melted. The water obtained on melting 
ice possesses a much smaller conductivity than the original distilled 
water, ft should ^be used at once and not stored, as it dissolves salts 
from the glass vescels in which it is kept. The amount of salts so 
dissolved depends upon the nature of the glass •v'essels employed. 
A variety pf*glass particulaily resistant to the action of water was 
originally introduced l^y Schott Co., of Jena. Vessels nlade of 
glass of equcPl, if not supjsfior, resistant qualities are now manu- 
factured by a number of*firms in England and elsewhere. Vessels 
made of such glass should alone be ^egiployed to contain liquids 
whose electric conductivity is to Ije di^termined, and the liquid 
should, moreover, not be contained in 'or transferred to vessels of 
any other kind of glass pfior to, or,* during, the* experiment. Con- 
ductivity water wjien required may be prepared bj; the methods 
detailed Ijy Bousfield,' Haftley, Campbell, and Poole, ^ Thole ^ 
and^ others. 

Ghent. Soc., 190;, 87, 704 ; 1912, lor, 1443. 

J. Ghent. SoC.^ 1905, 93, 428. % 

J. Ghent. Soot, 1912, lOI, 207. 
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Method of Platinising Electrodes. 

In the measurement of electrolytic conductivities, platinum 
electrodes at*e frequently employed, and it is essential that these should 
be platinised, as thereby polarisation effects are considerably reduced. 
For this purpose, the platinum electrodes are carefully cleaned and 
placed in* a solution containing three parts of platinic chloride, 0-025 
part of lead acetate, and 100 parts of water. A current is passed 
through the solution, the current strength being adjusted so that a 
free and regular evolution of bubbles occiir^, and an adhesive deposit 
of platinum black is obtained. ' The currenhin the solution is reversed 
from time to time. The electrodes after removal from the solution 
are well washed with water, and are then allowal to stand in distilled 
water for some hours. It may be^ remarked that re-platinising the 
electrodes usually remedies the defect of the position of the minimum 
noise in the bridge becoming rather indefinite. ^ 

Absolute Measurement of Specific Conductivity of 
an Electrolyte. 

When the absolute specific conductivity of pn electrolyte is to be 
determined, the liquid is best contained in a vessel of th.e form shown 
in Fig. 1 16. This electrolytic vessel consists of two stoilt-w^lle,d test 
tubes or bottles fitted with side tubulures as shown. The tube B is 
inserted through the tubulures through Corks of wood or indiarubber, 



or mdy, if de;?irable, be fused on to the vessels A and A'. Each 
electrode consists of a, plate of platinum welded to a short length of 
platinum wire which js fused into a piece of glass tubing. Mercury 
is poured into the tubing to effect coittact between the ‘electrodes 
and the rest of, the bridge, wires beixig dipped into the mercury for 
this purpose. The glajs tubes pass out^ through corks, as shown, 
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which serve to hold the electrodes in position. The electrodes are 
platinised as described above. THe^tube B consists of a fairly short 
and wide-bored tube, such tfiat the resistance of the liquid therein 
is about 500 ohms. The djjameter of the tube is as?:crtained by 
weighing the tube empty an^ then filling with water, the.ends being 
corked with plane-ended cork^Thc diameter of the tube is found by 

employing the formula d ^ where W is the \^ight of the water, 

d the diameter of the tube, / length of water column, and p density of 
water at temperature of lexperimenf. The electrolytic solution to be 
exam*ined is introduced in^o the tubes.R, A', and B so as to cover the 


electrodes completely, and so that no air bubble is present in the tube B. 
* The vessel is immersed in a bath at constaTit temperature and the 
resistance measured as already* described, employing the Kohlrausch 

bridge. The specific conductivity*of th9 solution is given by p = 

where / = length of the tube B, d its diameter, and R the measured 
resistance. , • * • 


Comparisoij* of Specific Resistances. 

Most frccpaently in cheipical technology, and indeed for chemical 
purp^^gg^in ^gjieral, occasion arisew for the comparison of the specific 
conductivities of two or more solutions. If one of the solutions 



employed is a solu*tion whose specific conductiyity at the temperature 
of the experiment is accurately known, the •comparison enables the 
specific conductivity of the bther solution to Be calculated. For this 
purpose varioils forms of vessels to contain the solutions in turn are 

available. A selection is shown in Figs. 11^122, Whatever form of 

• • • 



222 PHYSICAL MEASUREMENT? IN TECHNICAL ANALYSIS ^ 

vessel is chosen, it should be constructed of glass highly resistant 
’ to the solvent action of the solufirfn. The electrodes, if of platinum, 
should be platinised as already described, and should be removable 
for cleaning'purposes. The form of .Vessel shown in Fig. ii8 is 
especially applicable to^the determinatign of the change of resistance 
with temperature of badly conducting solutions, a thermometer being 
inserted into the electrorlyte to indicate its temperature when cooling. 
The form shown .‘n Figs. 120 and I 2 i can be introduced within 
the liquid contained in a beaker, etc, and subject to the condition 
that the liquid stands in the out6r vessel at a higher level than the 1 
upper orifice, affording entrance' of liquid to^the vessel : the resisfance 
is independent of the quantity of liquid in the outer vessel. The 
form Pdg. 120 is used fdr bad conductors, the fdhn Tig. 121 for good 
conductors. The pipette form shovVivin Fig. 122 enables the liquid 
under investigation to be readily su'cked up into the space between 
the " electrodes and retained ^there. The constant of the vessel, 
as it is termed, is found by first measuring the conductivity or 
resistance of a solution of known specific conductivity in the vessel, 
and thereafter carrying out a similai;. measurement, using the liquid 
under investigation in the vessel. Thus,* if i? the. measured con- 
ductivity of a liquid of known specific Conductivity contained in the 
vessel, the specific conductivity of liquid, the measured conductivity 
of which when contained in tlvi vessel is found to be Kj is given by 

^’1 = ^ . Kj. The factor obviously is' such that multiplying the 
•^0 ^0 

observed conductivity of the liquid by it reduces the observed 
conductivity to the desired specific conductivity It is termed 
by Kohlrausch the resistance constant of the cell. For purposes of 
standardising the vessel, the best solution to employ is a solution of 
pure potassium okloride. It may be remarked here (the matter is 
illu.strated in the table below) that th^ specific conductivity of a 
solution is dependent upon the Jtemperature, and consequently it 
is of importance that the tempeiature be maintained constant during 
an experiment 

Specific Conductivity of Certain Solutions atid the Variations 
of same with Temperature. 

The following table contains particulars of the specific conductivities 
of solutions of certain .electrolytes at Various temperatures.^ These 
can be employed for calibrating the vessels described above. The 
solutions specified are prepared as folloWs: — 

(i) Solution of sulphuric acid of maximum conductivity at 18®. 

Kohlra^isch, Holborn, and Dieielhorst, 1898. 
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Dissolve 378 g. of ordinary concentrated HjSO^ (97 per cent. H2SO4) 
in distilled water and dilute to ond litre at i8°. * 

(2) Solution of magnesium sulpliate^ of maximum conductivity at 

18° C Dissolve 552 g. of df;y magnesium sulphate (MgSO^, yUfi) in 
one litre of water. ^ , 

(3) Solution of sodium cljloride, saturated at 18° and* at all other 

temperatures. Shake an excess of sodium chl^Dride with distilled water 
(about 450 g. of salt per Ktr^) and filter. I 

(4) Normal solution of potasl^ium chloride. Dissolve 74*555 g* 
of potassium chloride ip water ai%d dilute to one litre, ‘The more 
dilufe solutions arc obtaii*ed therefrom by suitable dilution. 


SpocUic Conductivity of SJiution of 


Tem^oralure, 

H.jSOj of 
umximnm 
coiiductk'ity 
at lb'*, f 

MgSO^ of 
maximum 
conduclivity 
of 18°. 

— — , 

SoiUum 

Clilunde 

saturated. 

j rota.s.smm Chlundo. 

. ^ 

N 

10 

1 ^ 

60 


• 

oilin' ^ cm'~^ 

phm"^ ciiCl 

, * 

ojiiii ^ ’ cm“^ 

ohnr^enr^ 

(ilim~Tnr^ 

ohm ^ 

ohm ^ 

0 

0-5184 

0-02877 

0-^345 

0-06511 

o-oo:^5 

0-001521 

0-000776 

r, 

0-5792 

0-03402 

0-t555 

0-07414 

0-00822 

0-001752 

0-000896 

lb 

0-6408 

0-03963 • 

0-1779 

0-08319 

0-00933 

0-001994 

0-001020 

15 

0-70t8 

^-04555 • 

0-20146 

,0-09252 

0-01048 

0-002243 

0-001147 

18 

Q-7398 

0-04922 

tl -21605 

0-09822 

0-01119 

0-002397 

0-001225 

20 

.0-7()45 

0-05171 • 

0-22596* 

*0-10207 

0-01167 

0-002501 

0-001278 


QiiC-257 

0-05808 

0-251^ 

0-11180 

0-01288 

0-002765 

0-001413 

30 

0-8860 

0-06459 

0-2774 


0-01412 

0-003036 

0-001552 

35 

0-9453 

0-07121 , 

0-3041 


0-01539 

0-003312 



A table cont*aining particulars of the specific conductivity, and 
other characteristics of a large number of electrolytic solutions, has 
been ’drawn up 1:^ Fitzpatrick.^ ft will be seen from the above table 
that the specific ODnductivity of an electrolyte hicrcases with increase 
of telnpemtj^re.^ In general, the value* of the tcmp.yrature coefficient, 

the va 4 u& of is of the order of about 2 per cent, per 

degree. • • • 

I • 


COI^J-J'ICIENT OF IO*NI.SATION lONIC VELOCITIES. 

JJlectrometkic.TitkvVtion 

The specific conductivity of a solution may be regarded as nTade 
up of two parts, viz., that due to the kation and that due to the* anion 
in solution, Reg^A'ded from this point of view, it can *be shown that 
the specific conductivity of a dilute solution is gqual to: — 

»aN«€o(«o + ^'()) * 

where a is the boefficient of ionisation of the electrolyte, i.e., the fraction 

* Assoc. Report^ 1893* 
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of the total number of molecules of the electrolyte which become 
ionised on solution, N the number tof gram molecules of the solute 
dissolved per c.c. of solution, ;/ is the valff-ncy of the ions in solution, 
€() is the elecitric charge carried by a g^arn molecule of the solute 
(9^>5SO coulgumbs) and.;/,j and are tl^e respective velocities of the 
kation and anion under unit potential gradient. In the case of a 
compound 'such as in which K is y-valent, and A is /5-valent, 

yx= /3f. I 

In any application of the measuVement of electrolytic conductivity 
to the determination of the concentration of the electrolyte in the 
solution, it must be borne in m\id that a, and are themselves 
dependent upon the concentration and temperature of the solution. 
They may be regarded f4S approximately constaflit in dilute solution 
at constant temperature. Where, however, solutions of the same 
electrolyte of markedly different concentrations are to be compared, 
the respective values of «, must be employed before the ratio 

of the concentrations of the clcctroly4;c can be accurately determined 
from the observed ratio of the specific qpn/^l^jctivities^ 

The measurement of electrolytic copductivity is of general applica- 
tion in chemical technology. When purc^substai\ccs are in question, 
the method affords a ready method for the comparison of the respective 
concentrations of two solutions of t|)e same substance. Considerable 
caution is, however, necessary ^where the method is to be applied to 
the determination of the concentration cf impure substances. The 

+ - 

presence of small proportions of H-ion or of OH-ions may influence 
the conductivity of the solution considerably. They are respectively 
the kation and anion possessing the highest ionic velocities under 
unit potential gradient. 

The method has been applied by Main^ to the’ determination of 
the ash content of sugars and syrups. The electrical conductivity 
of a solution of the sugar or syrup is altribui^ed to the* presence of 
salts which when in solution hi \.^ater yjeld a conducting solution. 
If the relative proportion of the various salts present is constant, 
a determination of the electrical conductivity of a solution of definite 
strength should enable the approximate amount of such s.' its present 
ta be determined. Main found that the resistance of his solutions 
was mversely proportional tc» the ash content of the sugar or syrup, 
this lat/;er being determined gravimetrically. The method has been 
further examined by Lange,“ who finds that it is reliable provided 
that the ash contents of the sugars compared do not differ by more 
than 0-5 per cent.; he has prepared tables for the electrical con- 

^ SeiKnth Int. Congres<: of Applied dfiemistn\ IQOg, p. 334. 

. 2 Z, Ver. deut, luckertnd.^ 1910, 60, 359*381. 
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ductivity of sugar solutions for sugars containing up to 3 per cent. , 
of ash. Work on the same subject has been done by Reichert ^ and 
Landolt .2 • ^ 

Dutoit ^ and his collaborat^)rs have employed the measurement of 
electrolytic conductivity for ascertaining the end point in .volumetric 
reactions. The solution to be tested should be very dilute (W/ioo-W/200) 
and the precipitating or otherwise reacting «olut[on comparatively 
strong {Nji). The end poigt is marked by a point of inflexion in 
the curve obtained by plotting the conductivity of the solution against 
the volume of precipitating solutioif added. The method has been 
modified so that the potentials of thg* solution against an electrode 
are plotted, as ordinates, against the amount of precipitant added, 
af abscissae. A sharp double inflexion mark^ the end point. The 
method is especially applicable • to the determination of iodine 
in urfne, and the estimation of*smal? quantities of chlorides in 
chlorates. • 

Van^ vSuchtelcn and Itano\h?*ve examined the precision of the 
conductivity method pf titrating ig the cases of the titration of solutions 
containing Cl, Ag, SC)^, I 3 a, U, rp4, NO3, K, Ca, and Fc. These ions 
are all readily determined by^the method. The results are not affected 
by the* presence* of foreign su 4 :)stances* and it is found possible to 
determine more than one sub*stance^ in *the same solution by a suitable 
choice*ffir*Tea^nt, Cl and SO4, for example, being titrated with silver 
nitrate and barium nitrate respectively. Ziegel^has described a device 
by means of whiclj the change of potential occurring in a solution at 
the end point of h titration is utilised for automatically closing the 
st®pc(?ck of the burette when the end point is reached. A similar 
apparstua has been described by Forbes and Bartlett.® 

flamed and Lajrd^have employed the measurement of electrical 
conductivity for the titration of oxalic acid. A «harp change in 
the direction of the curve** obtained by plotting the value of 
the electrical conductivfty against the^ amount of added alkali is 
obtained when#the formatio?i*of acid oxalate is, just complete. The 
change in the direction ^v*aries with the dilution and becomes 
less distinct with increasing* concentration. The sodium hydroxide 
employed rrTlist be free from carbonate*, otherwise high results are 
obtained. By the usd of W/2 sodium’ hydroxide 'solution, quantities' 
4 iot exceeding o-8 g. may be* satisfactorily titrated., Edgar ® considers 

^ Z, anal, ( hcm.^ 1^89, •28, I. " Verein Rubenzuckerind\ 39, 638. 

J. Pliys. Cht’m.y lyiO) 8, 12 ; also D'tftoit and J\|ojoin, ,» 1910, 8, 27 ; and Dutoit and 
Von Weisse, 1911, 9, 579. « * 

Atner. Chem. Soc,^ 1914. 36, 1797*' “ Tians. Amer. i-lecti jchem, Soc,^ 1914, 26,91. 

®/. Arncy. C/tem.- ^'oc., 1913, 35, 1527. 

’ J. Amer. Chem. Coe., 1918, 40, 121*3. W- also /W., 1917, 39, 252. 

J. Amer. Chem. Soc., 1917, 39, 914 ? ' 
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^ that the end point of oxidation or of reduction reactions may be 
determined by measurement of the t^^lectrical conductivity with a degree 
of accuracy equal to or exceeding that oft the usual volumetric method. 
Further work has been carried out by 1. M. Kolthoff^ and others. 

The Dionic Water Tester- is a device whereby the amount of 
dissolved substance in water or other, solvent can be readily deter- 
mined, when the natire of the dissolved substance is known, by a 
measurement of ♦^he electrical conductivity of the solution. It has 
already been, pointed out that owing to the existence of polarisation 
effects at the electrodes when direct current is passed through an 



use of secondary electrodes. The Dibhic Water Tester employs 
direct current, and is illustrated in Fig. rJ 3 . The effect of polarisation 
is taken into account in calibrating the scale of the" instrument. 

' G is a gla.ss tujDC to contain the water under test, and A and B are 
the electrodes. T.hcse electrodes are connected to a continuous current 
hand-driven ^ynamo E, and to a direct conductivity 'meter M. The 
thermometer T measures the temperature of the water under test, and 
can be lowered or raised in {he water^ so altering the effective 'cross- 
sectional area of the electrolyte. It is supported in a sliding holder L 

’ Z. anoyf^r, Cheni.^ 1920, III, I, 97,M55 165, 187, etc. 

. Supplied bj/'Messrs Eveished & Vignoles, Ltd., Chiswick. 
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moving in guides H H, and which carries an index I ranging over a 
scale J calibrated in degrees centigrade. After the water to be tested * 
has been passed into the funpel F aftd fills the tube G, the reading on 
the thermometer is noted ; ?^nd its slidihg holder is mewed until the 
reading of the index I on the scale J corresponds with the thermometer 
reading. This operation compensates for the change of conductivity 
due to temperature. By turning the handle W o( the dynamo clockwise, 
a current is generated which traverses the meter Jind the water in G. 
The pointer of the meter is deflected and comes to rest at a point 
which indicates directly the condiictivity of the water af 20’. The 
unit*of conductivity chosep is the megc^hm ^ cm. \ and the scale extends 
up to 2000 units. .The handle W is turned at any speed above that at 
which the clutclv is /elt to slip (about 100 #revolutions per minute). 
The range of temperature for which compensation is afforded is from 
10“ to 40', so that the water mu^t be warmed if below 10'", and must 
be cooled if abfiv^ 40". Where the conductivity of the* water tg be 
tested is higher than the maximum scale reading, the water is suitably 
dilute*! so as to bring its^ ^conductivity within the range of the 
instrument. A special type of^ conductivity tube* is supplied for the 
measurement of high conductivity liquids such as sea-water and 
pathological liquids. * * • • 

The Kelly Elcctrometrii Titratigif apparatus ' .enables rapid dclcr- 
miiufliufls of 'the conductivity of electrolytes to be made, and is more 
especially designed for the determination of chromium, vanadium, and 
mangane.se in steel and ferrous alloys by the measurement of the 
change of oxidation potential. Chromium can be determined correctly 
to 01 per cent, when the chromium content is as high as 20 per cent. ; 
when the chromium content is from o-20 per cent, to 3 per cent., an 
accuracy of o-oi* per cent, is easily obtainable. With a chromium 
content gf less *than 0-20 per cent., it is possible to obtain an 
accuracy df* o«5)02 to 0-003^ per cent. The end* points are sharp 
and easil)^ determined? 
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techMjcal g*as analysis 

*]]y Charles A. IvEANC, D.Sc., Ph.D., and J. S. O. Thomas, D.Sc., Physicist, 
South Metropolitan. Gas Company, London^ 

• * • • 

Introduction. — analysis of gases is undertaken chiefly as a method 
of exatnination of gaseous fuels and of products of combustion. It is 
also a most important meth '»(4 ctf analysis in the alkali industry, in the 
production of illuminating gas, and in many other l^ranches of chemical 
manufacture. ^ , / 

This seetjon is restricted a description of the general methods 
employed in technical gas analyses, nnd of typical forms of apparatus 
that are in general use. The more speejal methods that are employed 
only in special industries, ci^er as methods of control or for the testing 
of final products, ^rc described in the respective sections. 

The scientific foundations of the methods of volumetric gas analysis 
wer^ laid by Bunsen, who embodied his chemical researches on the 
subject in his work on gasometry,'’ published in 1857. The methods 
adopted by him have since been considerably amplified by numerous 
other workers, and have at the same time been rendered more available 
for technicc^ work by the coiistruction of apparatus specially suitable 
for this purpose, in which greater rapidity is obtained without material 
sacrifice of accuracy. * • • 

The method of gas analysis depends upon fhe successive conversion 
of single constituents of a •gaseous mixture into a nofi-gaseous state 
either by Treatment with suitable absorbuig reagents and measuring 
the resulting diminution in volume; or# by oxidfiticjn to compounds, 
the volume of which can b» ascertain^ either froyi the contraction in 
volume that has occurred, or from the volume of an absorbable g 3 S*That 

has b«en formed. * There are » few gases, of wl]ich nitrogen is the most 

# # • 

'.The authors are indebtecl^to Dr Ht»G. Colmail for permissjjJn to include in this Section a 
portion of the subject-majtter which was included in the Section on “ Illumirutirg Gas and 
Ammonia ” in the previous edition. ,9 ^ ^ 

^ Gasometrische Meihoden^ 2nd edition, 1887; Englifh ^anslaticn of 1st edition by Sir 
H. E, Roscoe, Gasometry^ 1857. • • • 
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t important in technical work, for which no suitable absorbent or method 
of oxidation is known, and which are acco*'dingly left as a residue after 
the estimation of other constituents. 

Within recent years many forms of alitomatic apparatus have been 
devised for the rapid and continuous estimation of carbon dioxide in 
furnace gases. These have proved of great value for the control of 
combustion processes, and some of them are applicable to other 
purposes. They now form an ir^portaht adjunct to the ordinary 
methods of gas analysis. 

The term gas-vohimetric anajysis is applied, in a restricted sense, 
to methods of analysis in wlifch a solid or a liquid substance is 
estimated by the generation and measurement of a gas. As they ar^^ 
to some extent general in character and somewhat apart from the 
ordinary methods of gas analysis, the apparatus employed and their 
applications have been included in the general intraductory section 
(pp. 74 to 89). 

The general methods of gas analysis are not applicable when 
the constituents concerned arc present in too small quantities to 
be estimated by a diminution in volume, as in the case of carbon 
disulphide and naphthalene in illuminating gas, and of impurities in 
atmospheric air. For such estimations special gravimetic, volumetric, 
or colorimetric methods arc employed, which allow of t!:«f-er.-c'atment 
of much larger volumes of gas than is practicable by the ordinary 
methods of gas analysis. 

Sampling. — In all branches of gas analysis the proper taking of the 
sample is quite as important as the method of analysis adopted In 
the case of chimney gases, samples may be regarded as having a fairly 
constant composition if the charging is done by means of a hopper, or 
by some continuous mechanical process, but with orainary intermittent 
charging the composition varies considerably : this is dlusi rated in the 
following data obtained in the firing of a boiler furnace: — 


Carbon dioxide 

Carbon monoxide 

Oxy^^en 

Nitrogen 

Soot 


1 Miiini" .ifttT 

HLokiiii'. 


1" ’’iniiti's 
hOT 


13-5 percent. 4-0 per cent. 


o 


o 


5-5 » '^5 .. 

8>-o .. 79-5 .. 

Present o „ 


In such an instance the analysis of a single sample is seldom of 
value. So-called average samples are also unsatisfactory, because even 
when a constant method of suction is us^d for taking the sample, ’t is 
hardly possibly to collect such a fraction for analysis as really represents 
the composition t>f the whole. 

A reliable criterion of the course of a combustion can only be 
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obtained by the analysis of a series of separate samples taken at 
successive short intervals ; the effect of the stoking and similar * 
influences can then be gauged. If tfie nature of the fuel is fairly well 
known, the possible presence of appreciable quantities of carbon 
monoxide and of other combustible gases can be judged from the total 
of carbon dioxide and oxygen present, and the determination of the 
two latter gases suffices.^ . 

In order to determin'e Uie small quantities of* combustible gases 
which may occasionally be prese*nt in normal chimney gases, even 
accurate volumetric methods arc in*;ufficient, and gravimetric methods 
of analysis must be emp4oyed ; these/are carried out by drawing the 
sample for a sufficient length of time through a suitable absorption 
apparatus, whilst at the same time a gas-voluftietric test is made every 
five or ten minutes, in order to foMow the course of the combustion. ^ 
fn non-intermittent proccsseif, othet than the combustion of fuel, 
a suitably collected average sample may be regarded as satisfactory. 

Tlvi sampling is effected .by* drawing the gases from the flue or 
chimney, through <;onnecting* tubes, into a suitable containing vessel. 
The sampling tube is inserted such a position in the flue, etc., from 
which the samjDle i^ to bp* taken, that its open end is exposed to 
the main current of ascending gas ; ii! the case of large chimneys or 
mains, a tirbe having a longitudjnfd* slit or a series of fine holes is 
advantageous for securing a sample of average composition. The 
interposition of a T-tube attachment, provided with an independent 
aspirator, betwec^i the main sampling tube and the collecting tube, so 
as to “tap” the supply, is a convenient means of obtaining a repre- 
i5ent*ative sample of a large volume of gas. 

ilefc^'e collecting the sample, the air originally contained in the 


^ ifcince C, 1-Oo^COo, the 21 [)er i ent. of oxygeii*!n air gives 21 per ^cnt. of carbon dioxide ; 
for the combustlTm o# hydrogen every 2 kilos use up ii'i5 cb.m, of oxygen. In a coal having 
the compositiijn — * 


Carbon 
Ilydiogcn 
Oxygen 
Ash, water, etc. 



S pet cent. 


4 

8 

4 


• • • 

the burning of [ kilo involves the consumption of^ir letyiircd for 0-84 kilo carbon and 0-03 kilo 
liyJiogen, tlie contained oxygen of the fuel sufficing for ilie combustAm oj the lest of the hydrogen. 
For every - 7 x 22-3 = I56«i (b.n^ of carbon dj^xiAe formed, :] x l i*i 5 — 0*75 x 22-3 -fl6.75 
cb.m, of oxygen disappear from the gaseous produces, owing to the combtstion of the b,^ijkogen, 
^f, therefore, the chimnty gases contain 14 per cent, of carbon dioxide, th^ average free oxygen, 

wh^ combustion is complete, will be 21 - ^14 ~ 5*5 percent. After a fresh stoking 

the^roportion of free oxygen* decreases to 4-5 per cent., but imifease^to 6-7 per cent, when ti e 
charge is spent. . J'he analytical results should be in accoid with these diUa, ard should a wa}s 
be carefully checked if this is not the case*. , > 

^ Cf. Dwg/. polyt.J.^ 1884, 251, 3«3 ; Fischer's Jahresliet\jt\^Z^^ 31, 1295. 
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sampling tube, the connecting tubes, and any other intermediate 
® apparatus, must be completely displaced; to ensure this removal, at 
least from four to five times the* capacity of the apparatus concerned 
should be replaced by the gasf before draining the sample for analysis. 

To prevent soot, dpst, or ashes entering the collecting vessel, a 
portion of the sampling tube is fitted with a filter of asbestos or 
glass wool. 

The material of the connecting tube must resist the prevailing 
temperature, and must be unaffected by the constituents of the gas. 
Glass tubes are used whenever possible; they can be safely employed 
for temperatures up to 500° or 600”. Above this, quartz or porcelain 
tubes are used. Quartz tubes can be employed only up to 1000° as 
they become porous above this temperatuie; porcelain tubes 
necessitate gradual heating up, owing to their liability to crack. 
Iron and other metal tubes should be avoided ; in presence of oxygen, 
iron tubes effect a considerable absorption of this gas, even at low 
temperatures, and give it off to reducing gases. 

When quartz or porcelain tubes are, used for aspirating hot gases, 
the tubes should bd long enough to secure the cooling down of the 
sample before it enters the collecting »^esscl. This is sometimes 
effected by surrounding the tube wit!, a water-conclenser made of 
copper or iron. The sampling* tubes are 'held in positio n by a per- 
forated cork or rubber stopper when the temperature permits, or else 
by fireclay or cement. 

Apparatus for Aspirating and Collecting Samnles of Gases — 

If the gas to be sampled is under pressure, 
the collecting vessel is easily filled ; otherwise 
an aspirator must be employed. Vaiious 
forms of glass aspirators, .water-pumps, and 
small ifidia-rubber aspirators are used. They 
are attached to ♦'he collecting Vessel, which is 
connected directly with the sampling tube. 
More generally a f®i-m of apparatus is employed 
which serves both an aspirator and for the 
collecting of the sample, such as the gas 
sampler devised by Stead ^ (Fib- 1 ^ 4 )) by 
means of which the sample can be aspirated and 
subsequently readily transferred for analysis. 

^ Fio. 124 . The gas-collector H is provided with four 

‘ stopcocks, of which C is “attached tc the 

reservoir A by means of a stout piece of rubber tubing. The 
reservoir is filled '"ith* mercury or water, according to the nature' of 
the sample to 'be taken. By placing thq reservoir on the shelf B, 

* /. 7 oc. Chem, Ind.^ 1889 , 8 , 176 . 




^ APPARATUS FOR COpEQTING SAMPLES OF GASES 233 

and opening the taps C and D, the air in H is expelled and replaced 
by the mercury. The taps C and D are then closed, the connecting 
tube from the flue or chifnney connected to E, and the reservoir 
lowered ; by now opening p and E, tW gas is draw A through the 
collecting tube and the upppr tubes of the aspirator, ^hereby com- 
pletely removing the contaiijed air. D is then closed, the reservoir 
placed under the tap F, and the latter opened^ when the mercury 
flows out, thereby drawing in the gas, the rate of»cntrance of the gas 
being regulated by the rate of flo(v of the mercury. A/ter the sample 
has been collected, the, taps arc closed and the gas transferred for 
analysis, by placing the reservoir on/B and opening the stopcocks C 
and D, sufficient ^as being first allowed to escape to clear the con- 
* • • 
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necting tubes. If •the sampie is to be kept for some time, it is well 
to put the gas under slight prej^sure, by opening C, whilst the reservoir 
is on the shelf, ^fter ,the sap^ple has been collected. A similar form of 
sampler has been described^ b^ Kent S*hnith and Towers.^ 

When the gas sample is submitWef at once to analysis, the burette 
and pressure tube used for the analy,^is of the gas can be directly 
employed as the collecting* vessel and aspirator. This is often done, 
especially in the, control of processes and with the less exact forms 
of gas analysis apparatus such as that of Orsat (p. 272 ct seq?). The 
fenfoval of all intervening air must be very carefully ascertained if 
this method of collection is adopted. 

If a number ^nf samples arc required for transport, light glass 
cylinders -o^ about 100 c.c. capacity, provided with ^veil-ground stop- 
cocks at cither end, may be »scd (Fig. 125). 

If the c)^inders are provided with tjirce- „ a 

way stopcocks, the transfd'rftnce of the gas 

sample for analysis is greatly facilitated. * • ^20. 

If the samples have t (5 be kept for a 
consideraSle time before analysis, it is ^preferable to seal the col- 
lecting vessel hermetically. For this purpose, ‘glass bulbs of about 
100 c.c. capacity (Fig. if6) are u^d, which are ^attached to the 
sampling tube as described later (see Fig. 130). Ajjter being filled, 
they are scaled off at a, on either side. Shotjd it be necessary to seal 
off^he tubes in the open, a small 04I lamp •(figs. 127 and 128, half 
actual size) may be 'advaiAageously used. *It is’* provided with a 
wickholder d, and a metal oove# B, having air-holes ajt \ie bottom c, a 
1 y. CAem. Ind.y 1897, 16, foo. ^ 
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Jarger opening at the top, and a round hole e at the side, through 
which the blowpipe flame, blown^fi^m the blowpipe 7i (to which a 
rubber tube and mouthpiece are attached) is directed. 

A very efificient and simple gas samphng tube (Fig. 129) has been 
^ ^ “ devised by G. N. Huntly/ in 

which us<^ is made of the well- 
known principle of the Mar- 
riotte bottle. The gas is drawn 
in at A. The dead space is 
cleUred by sucking at B. The 
Vatc at whicfn gas is drawn 
in is fixed by the tap and the 
distance CD, and the latter 
can bc<. increased by joining 
’ on a glass tube with rubber 
to the exit tap. It is obvious 
that the, gas cannot be sucked 
back cr dpffuse back. It has 
been A)und by trial that the 
rate at vvhi'ch the gas is drawn 
'in is constant throughout 
within I percent. A slight inclination of ’the tube from the 
vertical gives a sensitive fine adjustment. 

An automatic gas-sampling tube which permits a con- 
tinuous sample of gas to be taken at a uniform rate has been 
described by T. Gray.^ The sample is drawn by a filter 
pump and tapped into a collecting vessel, the filling of which 
is controlled by a counterpoise. ' 

To collect the gases from a Bessemer converter, F Fischer 
uses a porcelain tabe (Fig. 130),' placed inside an iron tube 
the two being held together at a by a cdlar of fireclay, and 
the porcelain tube projecting about 5 cm. beyond the iron 
tube. The porcelain tube is conYiccted with the glass tiibe z 
at c, by a joint made with a mixture of clay and water glass ; 
the glass tube is connected by rubber tubing ^ to a series - 
of bulbs the last of which is attached to a small rubber 
aspirator. To collect the .sample, the tube is placed in an 
upright position ovc’* the mouth* of the converter, so that it 
is iii^he centre of the current of gas ; the sample is then 
aspirated through the bulbs, one of width is sealed off and removed 
every two minute.s. 

• I '' o - 

^ J. Soc. Chem, J^id.y 1910, 29, 312. The tube is made by C. L. Miille’', 6 Orange Street, 
London, W.C. 

2 /. Soc. Cht'u Ind., 1913, 32, ro92. ^ 
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LUBRICATION OF STOPCOCKS 

, # 

Lubrication of Stopcocks employed in Gas Analysis. — The^ 
efficient lubrication of stopcocks use^l in gas analysis apparatus requires 
considerable attention. Good lubrication is, in general, afforded by a 
film of lubricant approachin|[ molecular dimensions in thickness, and 
no improvement is produced by the indiscriminate covering of the 
plug with lubricant. The following lubricant is recommended by Sir 
Herbert Jackson. Six parts of black rubber Are bleated with five parts 
of vaseline and one part of solid paraffin until the vhole of the rubber 
dissolves, at a temperature which causes considerable evolution of 
vappur from the vaseline, but v^ithout burning the rubber. The 
lubricant is allov/ed to cobl, and is applied to the plug in small quantity, 
^the plug and barrel having been previously cleaned by a soft duster, 
taking care that no grit remains on either plug*or barrel. It is necessary 
to ^void closing with lubricant>tl^e hole drilled through the plug. The 
plug is inserted^ in the barrel atid turiied several time^ until the tap 
appears quite tratisparent and strealos are entirely absent. Especial 
care should be taken in thjc lubrication of the taps of explosion 
vessels. On no 'account • must any lubricant be present in the 
tubes leading to the stopccck, for it would be burnt when the 
gaseous mixtuve in, the vessel is exploded, and the analytical result 
be very much in error yn* this account. The minimum of the 
lubrjcan^-. doscribed above is thorefore very carefully applied to the 
plug, or, preferably, phosphoric acid should be used to lubricate such 
stopcocks. 

Clips for connecting Gas-Analysis Apparatus.— A useful clip for 
preventing rubber connections from slipping off glass and metal tubing 
Tas been designed by C. A. Keane and G. Patchin.^ It is adaptable to 
many fbrms of j^pparatus, and is particularly useful in that employed 
for gas analysis. • 

The Ch^ is^asily and quickly adjusted, it does n<ft wear or cut the 
rubber ti^bi'jg, and it possc£«es sufficient play to be adaptable to any 
slight variations in the size of the^cogncctions concerned. It* is quite 
reliable for securing the cdifnections In apparatus in which mercury is 
employed as the confining liquid. « 

The general design of fhc clip is show^n open and cfosed and in use 
with a Hernpel gas burette and pipette ii^ P'ig. 13 1 (p. 236). 

Correction of Volume of Gas for Temperature and Pressure!— 

It is customary to distinguish between “exact”* and “technical^ gas 
analysis according to the method of working adopte^^ In the" ibrmer, * 
mercury is usualfy employeeV as the confining liquid, and the smallest 
l 5 T 5 ssible^quantities of liquid are us^ for the absorption of the gases, 
so as to avoid the sfmultafieous absorption df otrrtiii gases which arc 

^ y. Soc. Chem. huL^ I9l7i 38^ 39i The clip is ^nade l»y Mess^*V Baird & Tatlock, 
Cross Street, London, E.C, l, as the “ K-P ” cUp, in several sizes. \ 
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^dissolved to a slight extent by aqueous solutions; also, the pressure 
and temperature are taken for ^ac?h reading, and the gas volume 
corrected to normal conditions. The normal temperature most gener- 
ally employed is o'’ C, and the pressure that due to a column of 
mercury 760 mm. in height and of density 13-596. If the percentage 
composition of a gaseous mixture is to. be expressed to the second 
place of decimals — indeed, if the principal exponents of the mixture 
are to be expressed to one significant decimal place— the barometric 
height ought, throughout the analysis, to be reduced to the standard 



Fia. 181. 


temperature of- o'’ C. Such a correction is sometimes applied in 
technical gas analysis — more especially in 'the analysis of coal-gas — 
but for most purposes of technical gas analysis the correction is 
omitted. Frequerytly,’more esbecially in technical gas works analysis, 
the ^andard conditions of temperature and pressure are specified as 
60® F. and a pressure of 30 ins. of mercury, the gas being saturated 
with water vapour, A series of so-called “ tabular numbers ” enabling 
measured volumes of moist gas to be reduced’ to these standard con- 
ditions readily is contained in the table oh pp. 238-9, the figures given 
representing tne- volumes of gas which,* if reduced to standard 
conditions, ^uld have urfit volume. ^ The corresponding correction is 

/ 
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. I 

therefore effected hy dividing hy appropriate tabular number. In 
general, if , 

V = volume as read at 

Vq volume corrected to y" C. aud 76c> mm. of mercury ixessure. 

B ^ barometric height in mm. of mercury at tune of experiment. 
h deficit of pressure from atmospheric in burette at time of experiment. 
T ^ vapour pressure of water at f expressed in mm. of mercury. 


Then V, 


Vx(B-T), 

(i + 0.003665/) 760 


if the gas is saturated with.fvvater vapour, 


and V(, 


V B 

(i + 0.003665/) 7*60 


if the ga# is dry. 


It may here be mentioned that unless a correction is made, a variation 
(^f 7 mm. in pressure ®r of 3''C. in temperature, introduces an error of 
about I per cent, in the percentage analysis of the gas. The most effective 
meaits of minimising changes in temperature is to provide the measuring 
tube of the apparitys with a water-jackej:, and if possible to run a current 
of wat^r of constant temperature, through the jacket during the test. 
In the more accuratp forms c^f^ip^aratus in which mercury is used as the 
confining liquid, a compensating or “ correction” tui 5 e is attached to the 
measuring tube by means of which the gas-volumes are automatically 

corrected to normal tcmperatujie and pr-essure (see p. 290). 

* 

• * Solubility of Oases in Water. 




Solubility 111 Water. 

Gas ^ 

At 0’ 

At 15 - 

At 80- 

• • ' -- - - 

— 




Acetylene^ 

A 1 760 

1-208 

‘ 0-934 

Ammonia . . ^ . . . 

A 1299 

802 

695/28“ 

Argon . . ... 

Carhyu diuxiJc ..... 

A 0-058 

0 040 

; 0-030 

A 1-718* 

1-019 

' 0-665 

Carbon numo^Wc ^ . 

A 0-0354 

0-0254 • 

! 0-020 

Chlorinp « 


S 2-635 

; 1-769 

Cyanogen .• * . . * ■ 


a 4-05 

1 

Ethane 

A 0-’()9J^ 

A (7-2‘i6 

0-058 

1 O-Oi-D 

Ethylene . .# . . . • # 

0-109 

... 

Helium . . . . • • • 

A 0-0150 

, 4)-0139 

0-0138 

ITydriodic acid 


A 425/10'^ • 

617' 

Hydrobiomic acid . . . •. 

S 612 

565 

Hydrochloric acid .... 

S 506-7 • , 

458-4 

411-5 

Hydrogen 

A 0-0216 

0-0190 

0-0170 

Hydrogen sulphide . . 

1 A 4 6^6 * 

3-0^6 

2-24 

Methane 

1 A 0-0556 . 

0-0369 • 

0-0276 , 

Nitric oxide . . . . •. 

A 0-07* 

o-o.y 

0-040 

Nitrogen . . * . 

A 0-0259 

0-0179 • 

0-01?.'’ 

Nitrous oxide . • » • 

A 1-05/5“ 

0-74 . 

0-63/20° 

Oxygen 1 

# A 0-0489 

0-0342 

0-0261 

OzcMe #» . . . V . 

a0-64« 

•0-46 

0-19/32° 

Prgpano 

• 

Aa-065/18“ 


Propylene . . . . * . .• 

Sulphur dioxide ’ • . 

a 0'446 

t)-279 

• 

S79-8 

47-3 V 

27-2 

Air • . 

• 

* A 0-0294 

0-0205 • ^ 

'sO-0167 
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Tabular Numbers, being a Table to facilitate the Correction 

, represented by 6o° F. and 

Gas Volumes. — T/ze numbers in this table are the volumes of gas saturated 


from the formula V ^ 


tS9-4 + I 


where V is the volume^ 


vapour pressure of ivater at t'\ and t the 


230 
281 
28-2 
28-3 
28-4 
28 -b 
28-6 
28-7 
28-8 
28-9 


l-003|l -OOS'l -Oisll *018! I ‘O'Js'l -Q-JSil -0331 
r014!l-019^-024 


ThMI’EllA-nilK— FAiytENIILir. 


1 -022*1 •O26'r03lj] *036 


1*018 1-0231-027 
1 - 01411 - 0191-024 
l-011;l-015'l*020| 


1*000 

'996 

993 

■989 


29*0 

•986 

29*1 

•983 

29-2 

*979 

29-8 

•976 

29*4 

•972 

29-6 

•969 

29*0 

*966 

29-7 

•963 

29-8 

•959 

29-9 

•956 

80 0 

'953 

80*1 

•950 

80*2 

•946 

80*8 

•943 

80-4 

•940 

«0*6 

•937 

8(f0 

•934 


,*931 

80*8 

*928 

80*9 

•925 

81*0 

*922 


1-0011*006 
99 7 1 1*002 


*991 

-991 

-987i 

•984 

•980| 

*9771 

•974, 

*97o| 

*967 

•964 

•960 


*999 


1-032 


1-0411 -0161 -OSlIl-O.^il-OC: 


l-p-37 1*012 1 -0481 1-093 l-0;78 I 
l*029jl*034 1-039! i -044 l-049|l*054 1 
1-029 1-030 1 -035jl-040 l-049|l-050 1 
1 *00711 -0 L2'l -017,1 *021 1 -026' 1 -03 f il *036 1 '“042 1 *047 1 


1*011 1*0151-020 
1*007 1-012 1-017 
1*004 l-OOs'l-Ol: 


•995 

992 

988 

985 

982 

978 

975 

972 

968 

•96.9 


962 
9591 
I -955 
• -952 
•949 
*946 
*913 
•040 
1-937 
933 


1-000 1*005 
*997 1*001 

•993I 


•990 

*986] 

-933 

*980 

♦976 

•973 

•970 


•966 

•963 

•960 

•957 

•953 

*947 

•944 

•941 

*9881 


*998.1 

•994 

•991 

•988| 

•984 

-981 

•978 

•974 


1*010 

roo6|i 

•003 1 
999 1 
996; 1 
992 
989 
986 
982 
979 


•971 

*976 

. -968 

•972 

•964 

•969 

*961 

•966 

•958 

•963 

•955 

•959 

•952 

•{;56 

•949 

•953 

•945 

*950 

■•942 

*947 

j *939 

*944 

L_ 


1-0*29 
1-025 
1 -022 


:i, 


1«034 1 -039 1 
1-0^0 k-ft36 1 
1-0271 -032 1 


1-007 
1 -061 
1-060 


•053 1 -056 
•049 1-052 


'051|1 
1-047 
014 

'03r/l -03711 -0401] -04;^ 
1 -Oisll -023;! *C28l 1 -031 1 '034 1 -036 1 


l-038:i-043|l*046 1-018 1 
•012|i-0151 
■038 1 


•04] 1 


f-045 1 -02011 -Ol') 1-0271 1-030 
■Oil 1-016 1-021 1-024 1-026 
•008; 1-0 131 1-0; 8 l-02o| 1-023 
1-019 


004 1-0091 
-001 ' 1-006 
•997,1 -002 1-007 


012 1 

-994; •9991 -004'1 -00611 -009 1 


990! -995 


•987| 

•984^ 

•980 

^977 

•974 

•970| 

*967| 

•964 

•961 

■•9581 

•955I 

*951 

L._ 

*9481 


*9921 

*988 


1-Ol4|l-O17 
1-011 


1 -0001-0031 1-005 


1-070 
’ -066 1-0691 
1 -062 1 -065* 


1-07311-076 
1-072 
1-068 


■054 1 
1-050 1 
046 1 


1-0131 -0161 
■0101 


•997, 

•993 


•985 

•990 

•982 

•i;8/ 

•979 

*983 

•975 

•980 

•972 

•977 

•969 

•974 

•966 

•970 

•962 

•967 

•959 

•964 

956 

"■•961 

•953 

•ks 

t 

. 


•999 

•996 

•992 

*989 

*986 

•982 

•979 

•976 

■973 

•970 

•966 

*963 


•960 


1-00‘J 

•99811 

•995 

•992 

•988 

•935 

•982 

978 

•975 

•972 

•969 

•9661 


1 -03: 
1-029 
1 -026 1 
1-022 1 
1*0181 
015 

on 

1 *008 1 
1-004 
■001 


•962 


'039 1 


1-059 1-061 11 -0641 -067 
1-055 1-057 


1-060 

'056 

053 

■049 


311-045 I -0481 
042 1-044 


1-078 

1-07, 

1*071 


1-063 

1-059| 

1-055 

l-052j 


1 :035 
*^7^2 
■028 1 
■024 
021 1 
1*017 1 
■014 1 
■0101 
1*007 1 
1*003 1 


l*038j 1*041 
1*0341*037 
■031 1 •0331 
l*027 l-03o| 
*023 1*026 


*020 

*016 

•013 

*009 

-OOGi 


I' 

■998jl*000| 
■994. -997 


•965! 


*993 

•99o! 

•9o/ 

•983 

•980 

•977 

■974 

*970 


•967 


1-0031-005 
•999 1*002 


•996 

•992| 

'989 

•986 

•983 

•979 

•976 

•m 


•970 


1*023 

1*019 

1-016 

1-012 

1-009 


•998 

•995 

•992 

•988 

•985 

•982 

•979 

•975 


*972 


^ From the udtification of Gas Referees, 1918 , by 
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TABLE FOR CORRECTION OF GASEOUS VOLUMES 239 

. # 

of Gaseous Volumes measured Moist to Standard Conditions 
30 inches of mercury pre^sureA ' 

with water vapour at different temperatures apul pressures, lliey arc calculated 
h the pressure of the ^!^as in inches of mercury^ a the 

t » 

temperature on the Fahrenheit scale. 

1 1 * TeMI'LHAI’UUF — FaIIIIFNIIFI’I'. » I 


63^ 1 er 65“ 66’ 67“ 68‘ 69'^ 70’ 72“ 74“ 76’ 78“ 


06:5 l*060iU06a M 
059 l-062jl-06^1-( 
055 l-OOail-OOl l'( 


•052 1-054 1-057 
•OIS 1*051 r054 l-( 
■014 1-017 1-050 1 ( 
■Oil 1-0 1*3 1*046 r( 
■037 1-010 1 ‘013 1 ( 
■033 I -O.-IO I -0:59 1 •( 
■030 1-033 l-035 l-( 
026 1-029 1 -032 1-C 
■023 1 025 1-028 l-( 


0l7|l -019 1 -02211 -O'iGl 


0131-016'1-0191-021 1 l;p27|l 


010 1-0 l2jl-0Vf 1-018 I 
006 l-009;i*0r2 1-0141 

00:31-006|l*0v?8 1-011 1 
000 1-002 1-005 1-007 1 
996 ••999 1-001 I'OOl 1 


993 -995 -gjjS 1-0011 
990 -992 -995 -997 1 
W> -989 -991 -994 
983 -986 -988 ^991 


81-0 -975 -^7 -980 -982 -988 -990 -OOSj -fi 

permission of the Controller of ^fM. Stationery Office. 



■037jl;043 1 


•1.30 1-137 
•125 1-133 
*121 1-128 
•117 1-124 
.-113 1*120 
•109 1-116 
•105 1-112 

L-101 1-108 
•097 1-104 
•093 1-100 
-090 1-096 
•0861 -092 
-082 1-089 
•078 1 -085 
•074 1-08] 
•071 1-077 
•067 1-078 


L -056 1 -062 
•052 1-059 
•049 1-055 
•045 1-052 


■007 1-0131-0191 


004 1-0101V016M 
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{ r 

In technical gas analysis, water, and occasionally aqueous solutions, 
ire used as the confining liquid, and no correction is made for the 
solubility of the gases. The table' on p. 237 gives particulars of the 
solubilities of various gases dn water, ^so far as these have been 
determined at the temperatures specified. 

The symbols A, S, and a in the table on p. 237 are used with 
the following significance. Winkler draws a distinction between the 
terms coefficients o^’ absorption and solubility. The solubility is 
indicated by S in the table, and is that volume of the gas (reduced 
to O^C. and 760 mm.) which is dissolved by unit volume of the solvent 
(water) when the total pressure at the surface of the liquid (ie., pressure 
of gas + vapour pressure of water) is 760 mm. The coefficient of 
absorption, A, he defines as the volume of the gas (reduced to 0" C. 
and 760 mm.) dissolved by unit volume of the .solvent (water) when 
the pressure of the gas alone is 760. mm. Winkler also points out 
that the vapour pressure of the, solvent in contact with the solution 
may differ from its value when the solvent evaporates into an other- 
wise vacuous space, on account of the pre.sence of the gas in the liquid, 
or for other reason^? a denotes the coefficient of absorption as the 
term was used by Bunsen, and is the volume occupied at o” C. and 
760 mm. by the gas contained in unit olume of the solution. “The 
respective symbols S, A, and a in the table ’apply to all the solubility 
data given for the respective gases for all the specified tempefature.s. 

The error introduced by solubility is sometimes compensated by 
previously saturating both the confining liquid and the absorption re- 
agents with the gas to be analysed, or with gas of similar composition. 


GENERAL METHODS OF GAS ANALYSIS 

The various inethods employed in technical gas analy.sisv may' be 
classified as follows : — - 

1. Method of Direct Absorption. — Some gases are determined 

by direct absorption by certain reagents, the diminution of 
the volume indidating the quantity of the gas in question 
present: 

2. Method of Indirect Determination.— Combustible gases arc 
• frequently, determined by explosion, or {jy combustion at a 

high temperature, with, excess cf air or oxygen. The 
- components are determined from the diminution in volume 
after explosion or combustion, the quantity of carbon dioxide 
formed, and the quantity, of oxygen consumed as determined 
by ‘absorcrtion Of the residual ox) gen. 

Oxygen may be determined by. explosion with excess of 
hydrogen when oVher combustible gases are absent. 
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DIRECT DETERMINATION BY ABSORPTION 

Fractional Combustion . — Certain gases can be determined by 
fractional combustion, usjng an oxidising agent cither with ' 
or without a catalyst: at a carefully controlled temperature. 

3. Special Methods of determination.— ^The above* methods are 
not generally applicable when it is dei^ired to determine gases 
present to the extent of 0*2 per cent, or less* in gaseous 
mixtures, and special methods giving a high degree of 
accuracy are th^n employed. \ 

, I. Direct Determination ry Ab.sorption 

A .* 

Bunsen absorbed the constituents of a gaseous mixture by means 
Of various solia' reagents shaped into bullets and attached to a 
platinum wire. Occasionally ^thc absorbent was employed in the 
fornT of a solid medium impregnated with a liquid absorbent. These 
solid reagents ai'e»now very seldom used. In all modern apparatus, 
gases ^which arc to be determined by direct absorption are brought 
into intimate conta9t with the,* appropriate liquid or dissolved absorbent 
in an absorption vessel, separate from but having connection with 
the measuring vessel. The » following are the absorbents principally 
employed for the absorption of the gas^s specified, which arc arranged 
in alphabetical order. * ^ * 

Acetylene is absorbed in an ammoniacal solution of silver chloride 
prepared by saturating pure concentrated ammonia solution (sp, gr. 
o-88o) with silver chloride freshly precipitated from the nitrate. 
Ammonia left in the gas after the absorption, is removed by dilute 
siilf^iuric acid before any measurement is made. 

Amraonia is best determined by titration, provided a sufficiently 
large sample of g,as is available (sec p. 312); but if the sample avail- 
ablets. sipall, the ammonia present m*ay be detcri-gipcd by absorption 
by a ,10 jTcr cent, solution pf sulphuric acid. Great care must be 
taken tha? the gas is not absorbed by traces of moisture in different 
parts of the# apparatus. • Jt musf kiIso be remembered that the 
solubility of gases such *as carbon dioxide hi the 10^^ per cent, acid 
is considerable, and that c# high result may be obtained unless the 
absdTptioir is carried out quickly and wifhb. small volume of absorbing 
solution. • ^ , I ^ 

• Benzene Vapour is absorbed by ^oifcentrated sulphuric acid Con- 
taining from ‘95 to 97 per cent, of sulphuric acid. ^ When bvnfene 
vapoiy and ethylbne, together with their homologues* are present in 
the^gasce)us mixture, And it is unndbessary .’to differentiate between 
th^sc constituents, tlvey mJy all be absorbcti tcgfi^ier in bromine 
water. Concentrated sulphuri^ acid also absorbs pro[.wlene and the 
higher olefines, but not ethylene. The use tb( fuming ^phuric acid 
• - \ n 
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(containing about lo per cent, free SO3) is sometimes recommended 
*'for the absorption of benzene and the olefines. 

If the absorption be effected by concentrated or fuming sulphuric 
acid, shaking' must be continued for three to five minutes to effect 
complete absorption, and before re-measnring, the gas must be passed 
over potassium hydroxide solution to remove the vapours of sulphur 
dioxide, etc. Where a large bulk of fuming acid is employed, as in 
the Ilempel apparatus, oxygen, if present, ' is absorbed to a small 
extent, probably by the compounds ’formed from the hydrocarbons and 
sulphuric acid ; it should therefore “be removed previously. 

The absorption with bromine is carried out with a solution of 
bromine in water or in potassium bromide solutioit. The olefines arc 
very rapidly converted ' into dibromides, but 'the aromatic hydro- 
carbons are not chemically acted oh by the bromine, their removal 
being simply mechanical; a pe.iod of three minutes should be allowed 
for their absorption, and at the end of the time the gas should still be 
strongly coloured with bromine vapour. Before re-measuring, 1 he gas 
must be treated with potassium hydro'.cide to remove the excess of 
bromine vapour. 

The separate determination of olefihes and of benzene and its 
homologues by special absorbents has ‘frequently been proposed, but 
most of the methods have been shown to be quite unreliable. Benzene 
vapour may be estimated by^ absorption with an ammoniacal nickel 
nitrate solution, but only when the gas analysed also contains hydro- 
cyanic acid, the compound formed being NH3. Ni(CN)o. Dennis 

and M‘Carthy^ have recommended an ammoniacal solution of nickel 
cyanide, prepared as follows: — A solution of 25 g. of potassium cyanide 
in 25 c.c. of water is added to a solution of 50 g. of crystallised nickel 
sulphate in 75 c.c. of water, 125 c.c. of ammonia ('p. gr. O-Qi) added, 
the whole cooled ^0 o", and poured off from the separated potassium 
sulphate; 18 g. of citric acid in 10 c.c. o^ water is added the solution 
again cooled to 0” for ten minutes, decanted fVom potassium sulphate 
crystals, and a few drops of benz^ene them-' 3 dded and shaken till com- 
bination takes place, as' the solution is much more active after it has 
absorbed some benzene. The gas must be well shaken with the 
reagent for at least three minutes, and before remeasuring must be 
passed into dilute sulphuric acid to remove ammonia. The solution 
has no action on ethylene or om carbon monoxide ; the former may be 
estimklcd by absorption with bromine or fuming sulphuric acid after 
the removal of the benzene. The small quantities of benzene homo- 
logues present are not absorbed by thq reagent, but their amount 
rarely exceeds o :"'per cent. Check tests ^iven by Dennis and M‘Carthy 
show good s^lfreement with the theoretical figures, but a wider 

' J.' Amer. Chem. Soi.^ 1908 ^ 30 , 2 ? 3 . 
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experience with varied gases is necessary to establish the general^ 
applicability of the method, y * 

In the analysis of a complex gas mixture such as coal gas, the 
absorption is best effected by sulphuric ‘acid, as this afcsorbent can 
be used at an early stage in *thc analysis, beD)re any of J:he benzene 
has been otherwise removed. ^ 

Special methods for the determination of benzene; are described later. 

Carbon Dioxide. — The absorbent mostly employed is a solution 
of one part of potassium hydroxide in two parts of water ; .contact for 
one minute is sufficient for complete'* absorption. 

This reagent also absorbs hydrocarbon vapours, such as are present 
in coal gas, carbufcttcd water gas, and oil gas, thus making the result 
for carbon dioxide from o-i to 0-4 {)er cent, too high and that for the 
unsaj:urated hydrocarbons (chiefly benzene and its homologues) too 
low. This effect can be avoided by usifig a more dilute solution (i ; 3) 
and not shaking thti gas with the reagcAt. 

Caybon Monoxide. — The ab.^orbent solution used for this con- 
stituent is cuprous thioride fn*ai 5 id or ammoniacal ^solution ; the latter 
solution is most frequently employed. Oxygen and ethylene are 
absorbed by th^j acid solution, and acetylene, in addition, by the 
ammoniacal -jolution ; thcse|Constitucn*ts must therefore be removed 
before the (\<timation of the carbon* mbnoxidc. 

The acid solution is prepared by dissolving 100 g. of crystallised 
cupric chloride in 500 c.c. of concentrated hydrochloric acid diluted with 
an equal volume df water, and allowing the solution to stand with an 
excess of metallic copper until colourless, 

‘ th e acid solution cannot be used in contact with mercury, and, 
moreovcf, Drchscjimidt ^ has shown that, after prolonged use, the acid 
solution is a less efficient absorbent than the ammoniacal solution. 

For th(jhamv:ioniacal solution required in thc*I 1 cmpel or Orsat 
apparatus^ a •very active soliftion is obtained by Winkler’s method of 
preparation. A .stock solution is, made up by dissolving 206 g. of 
cuprous chlor *dc and 250 g. df ammonium chloyidc in 750 c.c. of water ; 
this solution is kept in a rubber-stoppered bottle with a* few spirals of 
cop per wire. When required for use th»,s solution is mixed with one- 
third of its volume of^ ammonium hydroxide of sp. gr. 0-905. 

For use in apparatus in which only admail vo*lumc of the reagpnt 
is employed, IJonc recommlbnds the fallowing method, of preparation. 
Fifty to seventy ^rams of white cuprous chloride ar^ suspended in 
250 j:.t. of water containing <0 to 1 g. of ammonium chloride, and 
ammonia *gas passed int6 th^ liquid (air being*excluded) until no more 
solid dissolves and the solution smells distinctly of ammonia. A 
further quantity of about 5 g.»of cuprous chloride is* tr.en added, the 
1 B £ r ., 188*7, 20, 275?, and 1888, 21, 2158. 
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liquid well shaken, and stored in bottles closed with a rubber stopper ; 
after a few hours the solution should cease to smell of ammonia. 

Solutions which have absorbed carbon monoxide give off some of 
it to indifferent gases, an ccfuilibrium being always obtained for the 
carbon monoxide content between the ,gas and the liquid. For the 
complete removal of the carbon monoxide from the gas, the latter 
must therefore cventuaPy be treated with a solution containing very 
little absorbed gas. Where small quantities of the reagent are employed, 
two absorptions with different portions of the fresh solution are always 
used ; with the ITempel and simil'Ar apparatus two absorption pipettes 
are used in succession, the second containing solution which has 
absorbed only small quantities of carbon monoxide. As soon as the 
treatment in the second' pipette shows an absor{)tion of more than 0-4 
to 0-5 per cent., the first pipette is recharged with fresh solution and 
used for the final absorption, th*e pipei'te previously used for this purpose 
being then employed for the first absorption. " 

Ethane and the higher paraffins can be approximately determined 
by absorption in absolute alcohol, usiF.g^vater subsequently to remove 
the alcohol vapour. These gases a’-e determined most accurately, 
however, by explosion or by fractional combustion under certain 
conditions. ’ " , 

Ethylene. — As‘ already mentioned, both benzene japour and 
ethylene are completely removed by the action of bromine, but 
whereas the latter combines with bromine to form the stable com- 
pound, ethylene dibromidc benzene vapour appears to be 

mechanically removed as a mixture of bromine and benzene, or possibly 
as a very unstable additive compound, which yields up the whole of its 
bromine to any substance which reacts readily with bromine, suCh as 
potassium iodide. Haber and V. Oechelhauser have based a method 
for estimating ediylcne, and indirectly benzene, in coal gas -on this 
difference of behaviour (see p. 297). 

Taj)lay ^ states that if the aqueous solution of bromine is employed, 
the olefines may be separated ’ from be'iizene, while the potassium 
bromide solution absorbs benzene. 

If carbon monoxide is absent from tfie gaseous mixture, fuming 
nitric acid may be used to absorb benzene and olefines. 

, Hydrochloric Add and the other halogen acids are best determined 
by^itration. Bunsen used solid sodium phosphate to absorb them. ' 
Hydrogen.— This gas is almost always determined by combustion, 
but occasionally Hemoers method of^ absorption by palladium is 
employed (see p. 269): Paal and Hartm'tinn^ have shown that 
hydrogen ‘ may i-'cllso be determined b}/^ absorption with a solution 
prepared by dissolving 2-22 g. of colloidal .palladium (containing 67-36 
1 /. Lighting , 1913, 124, 870. , * . ^ ^2, 243. 
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per cent. = 1-5 g. Pd) and 274 g. of sodium picrate in 125 c.c. of water, 
the solution being placed in ^ Hen]pel or similar pipette. The absorp-' 
tion is somewhat slow, requiring ffom ten to twenty minutes, with 
occasional shaking. Carbon dioxide, heavy hydrocarbon.s', oxygen, and 
carbon monoxide must be previously removed^ as also sulphur, phos- 
phorus, and arsenic compounds, which destroy the catalytic power of 
the palladium. * 

When the solution becomes inactive, the palladium may be recovered 
by carefully adding dilute .sulphuidc acid, drop by drop, so long as a 
precipitate forms, avoiding an excc^ss. The precipitated palladium is 
filtered, washed, suspendo*! in a small* quantity of water, dissolved by 
gradual addition, of sodium hydroxide solution and sodium picrate 
Sgain added. 1 

K. A. Hofmann 2 rccommcn^^> the use of platinum and palladium 
activated by a solution of sodium-»chlori?j:e containing osmic acid. 

Nitric Oxide? ^nay be determined by converting if to nitrogen 
peroxide with excess of oxygep, the peroxide being absorbed by 
potassium hydroxide and th« excess oxygen by alkaline pyrogallate 
solution. Mixtures of oxides of nitrogen are best determined by 
titration. ^ ^ • 

Ojtygen. — Either alkaline ^yrogalUl or phosphorus is used as the 
absorbent. •I'he pyrogallol solution dS made up by dissolving 20 g. of 
pyrogallol in 500 c.c. of potassium hydroxide solution (i : 2), or by 
mixing i volume of aqueous pyrogallol (i : 3) with 5 volumes of 
aqueous potassium hydroxide (3:2); this large excess of alkali is 
necessary, as otherwise an appreciable quantity of carbon monoxide 
ma^ be formed when gases rich in oxygen are passed into pyrogallol.^ 
For'‘tho analyses of oxygen prepared by Brin’s process, Clowes'^ 
found the most suitable absorbent to be a solution of 160 g. potassium 
hydroKide^and 10 g. pyrogallol made up to 200, r^.; it is claimed 
that no evSlytion of carbon njonoxide occurs when using this solution. 

For technical work, sodium rather than potassium hydrcixide is 
frequently preferred on acicount of* economy. Orsat’s reagent is a 
mixture of a concentrated solution of 25 g.' pyrogallol and 150 c.c. 
25 per cent, sodium hydroxide solution. Jones and Me^ghan"' have in- 
veSTi^te^ the efficiency of sodium pyrogallate solutions for oxygen 
absorption, and find'that the rate of absorption iacreases with dilution 
of the sodium hydroxide, asid is, morepvcfr, proportional to the concen- 
tration of the pyrogallol for a constant concentration ( 5 f the hydro.^fide. 
All sadium pyrogallate solutions evolve carbon monoxide when used 

^ ^ r 

• 1 Brunck, Chem. Zeit,, 1910, J4, 1313, I 33 * 2 . 

2 Ber., 1515, 48, 1565 ; 1916, 49. 1650. 

3 Cf. Hempel, Ber., 1885, >8, ; Clowes,/. Soc, Chem. hul, ^896. 15, 170. 

^ B. A. Report, 1896, p. 74 > ° /• Inaf Eng. Chem., 191 ll, 311. 
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for the analysis of gas samples containing more than 95 per cent, of 
' oxygen. For air analysis, the sodjum 1 ydroxide solution employed 
should have a sp. gr. not less than 1-30. A solution, which while 
highly efficient as an absorbent evolves a minimum of carbon 
monoxide, is made up as follows : The stock hydroxide solution is 
made by dissolving sodium hydroxide sticks in an equal weight of 
water; th-e stock pyrogallol solution contains i part of pyrogallol in 
3 parts of water ; for use, 5 parts of the hydroxide solution are mixed 
with 2 parts of the pyrogallol solution. 

Phosphorus is a very energetic absorbent for oxygen, Tut its 
action is hindered by traces of certain ga-^-es and vapours, suen as 
the unsaturated hydrocarbons, phosphoretted hydrogen, ammonia, and 
alcohol vapour ; the absc •option is very slow bclowi 14°. This reagent is 
used in the form of thin rods, surrounded by water, in the pipette for 
solid absorbents, shown in Fig. 141,, The phosphorous oxide fumes 
evolved in the absorption are removed by passitig the gas into a 
potassium hydroxide pipette, after the, absorption of oxygen is copiplcte. 
The water in the pipette should be r^n,e\ved from, time to time, as it 
becomes saturated with phosphorous^ acid, and when not in use the 
pipette should be kept in the dark to avoid the formation of the 
inactive amorphous phosphorus, Trave.s^ suggests the absorption of 
oxygen by pho.sphorous vapour when combustible gases - are present. 
This method has been employed by Watson‘S and by Aston for the 
determination of the oxygen content of the air. 

In the case of coal gas and similar mixtures containing vapours 
of unsaturated hydrocarbon, H. G. Colman"^ found that the most 
accurate results for oxygen are obtained by using bromine for the 
absorption of the hydrocarbon vapours and phosphorus for- the 
absorption of the oxygen. , 

Sodium hydr(7si,ilphite has also been proposed as an al^sorbent for 
oxygen;^’ it is cheaper than pyrogallol, and absorbs oxygen equally 
readily at various temperatures. The solution is prepared by dissolving 
50 g. of the salt in 250 c.c, of water and> tedding 40 c.g. of a sodium 
hydroxide solytion, containing 500 g. of alkaii to 700 c.c. of water, and 
is used in a pipette fitted with rolls of iron gauze. The absorption 
takes place according to the equation : — 

• '>la,Sp,-i-H20 + 0 - 2 NaHS 03 . 

” ^ c 

•Xn- ab-sorbent frequently used for commercially prepared oxygen 
consists of copper wire kept clean and moist by means of a solution 
composed of equal volumes oh ammonia (sp. gr. 0 930) and of a 

^ The Experimental Study oj Gases^ 1901, p. 83. 

2/ Chev}. So(,, 1911, 99, 1460. i Ihid,y 1919, II5, 472. 

“ Priv^'.e coraraunication. Cf. H. Franzen, Bev.^ 1906, 39, 2069. 
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saturated solution of commfcrcial ammonium carbonate. Oxygen is 
absorbed by the exposed surface ^of moist copper, and the sub-oxide' 
formed is dissolved by the ammonia kolution.^ 

Propylene and the higher olefines are absorbed by 'concentrated 
sulphuric acid (see Benzene, p.,241). 

Sulphur Dioxide is readily absorbed by potassium hydroxide solu- 
tion, and may be thus deternfined, provided carbon dioxide be absent. 
If carbon dioxide and sulphur dioxide be both present, the latter maybe 
titrated with iodine solution (see p.*304 et seq?)^ox it may be determined 
by absorption in a solijtion contednihg 450 g. of chromic acid per 
100(5 c.c. of water, to whiah 450 g. of .phosphoric acid (sp. gr. 1-70) are 
added. The solution is brought to the boil and cooled before use. 

• Sulphuretted' Hydrogen. — This gas is be^ determined by titration. 
If only a small sample of gas js» available, the determination may be 
carried out by volumetric absolution .in an acid solution of copper 
sulphate, or of cSidmium sulphate or chloride. More accurate deter- 
minations, more especially of ^rnall quantities of this gas, are made as 
described later (see.p. 304 


The order in which the Silver al id) sorbent ci are employed in the analysis 
of a ’gaseous mixture neejls* careful •consideration. The choice of 
alternative af^sorbents will depend, iif part upon whether any particular 
consfitiient is being especially determined. No general rule can there- 
fore be made as to the order in which the respective absorbents are to 
be used. For cyal gas, which is typical of the most complex gas 
mixtures that may be met with in technical practice, it may be noted 
tliat Rhead and Wheeler- employed the following reagents in the 
order stated : — ^ 


Constituent. 


Absorbent. 


Aiunioiljl . • . 

Hehzcji^', higher olefincsV*. 
Sulphuretted hydrogen 
Carbon dioJtide . . . • # . 

Oxygen • 

Acetylene . . . • • • 

Carbon monoxide ^ . 


10 per cent, sulphuric acidT 
Concentrated sulphuric acid. 

Acid solution of copper sulphate. ' 

33 pcr»cent. potassium hydroxide solution. 
Alkaline solution* of potassium pyrogallate. 
Ammoniacal solution of silve;- chloride. 
llrominc-poVtssium bromide solution. 
Ammcyiiacai solution of cuprous chloride. 

• • , 


Hydrogen was absorb<*d from the residue by means of oxidised 
palladium. Methane and ethane were determined b}/ explosion with 
oxygen. • 

* ’^See Thorpis Dictionary., IQlJ, 4 i 44 * 

• 2 7 Chm. Soc., 1910, 97, 1923. * 
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f ' 

I 

2. Indirect Deteriv^nations. 

Many gases are determined indirectly by exploding them with 
another gas, 5 nd noting the alteration in volume, or the volume of the 
products of the explosion, or by observing both these results. Thus 
hydrogen may be determined by explosion with excess of air or 
oxygen ; oxygen may be exploded with an excess of hydrogen. In 
each case the contraction of volume is determined on explosion. 
Methane may be exploded with an excess of air or oxygen, and the 
contraction noted together with \he furthe** diminution of volume 
which occurs on absorption of the carbon' dioxide produced. The 
volume of oxygen used up in the explosion is sometimes determined 
by absorbing the excess. ' 

In addition to the explosion method, the slow fractional combus- 
tion of a combustible mixture containing an excess of oxygen may 
be effected by means of metallic palladium. ^ 

In a third method of combustion, originally introduced by Jaeger,^ 
the fractional combustion is effected ia the presence of copper oxide 
at various temperatures (see p. 260). 

The following considerations apply to kU resuUs obtained by any of 
these methods of combustion. ^ 

CHANGES IN VOLUME BY COMBUSTION. 

The volume of combustible gases to be estimated is in a certain 
relation to the contraction in volume resulting from the combustion (c), 
to the carbon dioxide formed on combustion (COo), and to the sum of 
the hydrogen contraction plus carbon dioxide (total contraction C). 
The volumetric relations are shown in the table on p. 249. In the 
graphic repr>escntation of the volume changes, the squares enclq^^^d by 
dotted lines denote the volumes which disappear by cont>action, and 
the darkened squares the carbon dioxide formed by combustion. 

Hence the volumes are as follows : — ^ 1 

H =|<r(or|C) 

' CO = COo, or 2r, ^ir §C 

CH^ COo, or Ic, or ^C 
^ CoH, - .iCOo“, or or jc 
C,n, |CO; or U, or JC. 

'If only one combustible gas be present in the mixture, in the case 
)f carbon monoxide and of methane, their volumes may be deduced 
;ither from the contraction c, cme to the carbon dioxide fdrmed, or 
from the tctal contraction C. The latter gives the more accurate results 
chiefly because the volume readings aredarger. 

^ J. Gasbeleucht,^ 1898, 4^,764. 
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i 

• Gaseous Mixtures with Two jr Thi-ee Combustible Gases. 

If methane and carbon monoxide are both present, neither of them 
alters their volume by oxidation to carboi>dioxicle, so that the following 
relation holdg : — • f 

• I vol. COo " I vol. CO, or I vol. CO.y -= i vol. Cl I,. 

~ f 

A contraction re^;ults, however, owing to the oxygen taken up in the 
combustion, which must be subtracted from the contraction r, to obtain 
the nett contraction due to hydrogeh. 

(a) Hydrogen and Carbon Monoxide. — i'o the volume of carbon 
monoxide as ascertained ( = vol. of COo formed) there corresponds a 
contraction, due to the disappearance of oxygen, equal to half the 
volume of the CO^. This must be su6t?acted from the contraction c, as 
found, in order to obtain the conttaction due to hydrogen. The 
volumetric relations arc therefore : — 

CO - COo ‘ ' 

and H - (c-^aoM 

Example (Mixture of Hydrogen, Carbon 'Monoxide, and Nitrogen) : — 
Volume of Gas mixture 2i.i r.c. 

„ A.ir added* 97-5 

, Total . ii8.6c.c. 


After combustion = to2*i c.c. ; contraction c ~ i6'5 c.c. ; H - 
9-53 c.c. 

After CO2 absorption = 977 c.c. ; carbon dioxide = 4 4 c.c. ; CO 
4 4 c.c. 

If, after absorbing the CO2 formed in the combustion, the total 
contraction C (=/’-hC02) be considered, the volume of CO ^'^f course, 
remains the same (= vol. of CO.2). 

On the other hand, the volume of H = 5C — COo. 

Since, according to the first eqaation, ». * 

II = (r-iC 02 )l , 

and C c + CO., 
f :^C-C()2 

therefore :~II - (C - COo - iCOo)- - (C - :COo);t = “C - CO,. 

Applying this to the example : — 

Contraction = 16.5 c.c. - ' 

Carbon dioxide = 4.4 „ * CO = 4.4 -c.c. 

Total contraction C - 20.9 c,c. ' H == 9.53 „ 

In mixtures containing hydrogen and either carbon monoxide or 
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methane, p,rovided that thel total volume V of the combustible gases 
is known, the calculation ^pn th^ basis of the foregoing is muclV 
simplified, since the volume of carbon monoxide or methane is equal 
to the ascertained volume of carbon dioxide, whilst the difference is 
due to hydrogen : — , 

CO or CH, = CO, 

xH = V-CO,. 

(If) Hydrogen, Carbon Monoxide, and Methane.— The volume of 
these constituents can be calculated if their total volume V (combustible 
portion) is known, a valiTe which, in technical gas mixtures, is obtained 
from the estimation of the accompanying ingredient, nitrogen. The 
calculation starts ‘ from the known nitrogen content, of the air 
*addcd for the combustion— the volume* of air x 07905. After 
corqbustion, followed by the absorption of the carbon dioxide, and of the 
excess of oxygen added from the air, theVc remains a volume of nitrogen, 
N,, which is at fehst as large as N^. The difference, N,— Nj, gives the 
nitrog'en, N, present in the original volume taken, R, whence the volume 
of the combustible ‘gases is 

V- - R - N. 


ItThen follows, a^ alreac|y)shown, that— 

u -x-c*o„ 

CO - .^CO.,^-V- “C 
and CHj - (CO, + r):-; -V. 

Starting again from the total contraction C, and substituting the 
equivalent value (C~CO,) for in the above equation, the following 
simplified equations are obtained : — 

H - V - COo 
’ CO - CO,-t>V- ‘R: 

Or, 1^ adopting tlib following notation, 

Vdlume I. -- Ga.< residue (R) + air. 

„ II. = Residue after explosion. 

III. -- Residue after explosion and absorption of CO,. 

IV. -- Residue after absorption of the excess O. 


Then — 


C 

CO, - 

N2 ^ 

V 




Vol. L— Vol. III. 

„ iiU » in. ‘ 

„ IV. 

N2-N,i(Ni-air-x 79.05). 
R-N! 


(c) Methane and Etl\ane^.— When the gaseous mixture contains 
higher homologues of methane, calculations 'are more complex. In 
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a mixture of hydrogen, carbon monoxid *, methane, and ethane, the 
^hydrogen and carbon monoxide arp firsts removed by absorption with 
Paal’s colloidal palladium solutioh (p. 244), and ammoniacal cuprous 
chloride solution respectively, or may be together determined by a 
process of fractional qombustion at a{)out 300'’ (see p. 261), the 
resulting carbon dioxide being absorbed. Methane and ethane can 
then be determined by combustion at about 900'' with subsequent 
absorption of the ca*rbon dioxide (see p. 294). ' 

From the stable on p. 249 it is seen that methane gives its own 
volume of' CO^ and a total conthaction of twice its volume, whilst 
ethane gives twice its volume cjf CO.2 and total contraction of 2-5 
times its volume. If x and j represent the volumes of methane and 
ethane respectively, then". — 

X X 2y ~ vol. CO2 formed (CO^) 

2.V'f-2.5v Contraction (C). 

flence, ' \(CO.~]C). 

= KrC-CO,). 

In coal gas with the carbonising Hemperatures now usually em- 
ployed, very little, if any, ethane is generally present, but with lower 
carbonising temperatures, and also when oil gas and carburetted 
water gas are added, appreciable amounts c.^ ethane are oFen contained 
in the gas. 

(d) If juore thari Uvo paraffins arc present in a gaseous mixture, the 
respective quantities cannot, in general, be determined. It may be 
noted that, on explosion, a mixture of one volume of tnethane and one 
of butane would behave in exactly the same manner as two volumes of 
propane. The nature of the paraffin constituents of such gaseous 
mixture can be estimated from the ratios of the contraction ot volume 
on complete combustion to the^ volume of carbon dioxide produced 
on complete cornoustion and to the oxygen used up i.i the'dxprdsion. 
For the paraffins these ratios are as follows : — ^ ' 

I V I Contraction on Copnplote Combuation. I 


r 

Volume 0 . COo 
produced. 

Oxygen. 

Methane ! 

2-000 

1-000 

Rtliane ..... 

1*25C 

0-714 

Propane . 

1-000 

0-600 

Butane 

0-875 

0-531 

Pentane 

0-800 

0-500 


rgess*^ and Wheeler ^ ascertained the nature of the paraffins 
derived from the .distillation of coal by calculating the number of CHg 
1 /. Chem. Soc., 1914, 105, ^ 33 - 
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groups present in unit voluiie of the mixed paraffins in the following 
manner. Consider a volumi V of a mixture of paraffins to consist of' 
mC¥l^ groups and nCH^ groups. 

The complete combustion of a volume V of the mixture is repre- 
sented by the equation : — , 


(wCl f.j . + (2;// + + {2m + «)H20. 

Hence, contraction on complete combustion - m 2;// -f 1.5;/ - (m + n). 

* --- 2 /« + 0 . 5 >>. 

-- c 

•> C()>, prodTiced - tn + n. 

'2.C 

3 

3 


Solving these equations we obtain in 


And hence - 


. 4CO., -2r. 


'"-Q.C- CO., 


; and as each 'molecule contains one (TJ ^ group, 


m is n\imcricaliy equal to V so Uiaf this expression also - _ , the number of 

•t ^ 

Cbb, groups per unit volume. 


The nature of the olefines in a mixture may be estimated approxi- 
mately by ei^ploding a separate sample and subtracting the volume of 
carbpn dioxide accounted for by other constituents from the total 
carbon dioxide produced. 


Methods of Comuustion. 

* *{ci) Explosion.— The simplest method of combustion consists in the 
cxpl'osichi of tlKi combustible mixture cither with pure oxygen or with 
air, but it is not* always practicable. As the explosion vessel, either 
a mcfa;^in 4 «g byrette provided with platinum elcct^-odes is used, or a 
special g^Wsion pipette. Water is quite unsuitable as the confining 
liquid if the carbon dioxide formed ha^ to be determined, as under the 
high pressure of cxplosiodti portion* of this gas is dissolved; in most 
forms of apparatus the combustion is effected over merc|iry. 

The e xplosion pipette,* filled with water, devised by Pfeiffer (P'ig. 
132), obviates the absorption of the carton dioxide in the following 
way. The liquid (oh per cent, sulphurickacid) in*the^ explosion bulb* A 
is drawn ovey into B before explosion ; two stqjxocks, a and are 
provided for this purpose. 

^his pipette is particula’jly suitable to the analysis of coal gas by 
Pfeiffer ’5 method; it is' of much smaller capacity than other forms of 
explosion pipettes, but wilPtake one filling of the burette* with air in 
addition to the combustible^ gas residue. The stppcock a, at the 
entrance to the bulb, instead of the customary rubber tubing and clip, 
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prevents risks due to back pressure, anq, in this respect 'the smaller 
k:apacity is also an advantage. By, fixing the platinum electrodes in 
the position shown, the formation of drops of liquid between the 
points is avoided.^ 

The liquid is drawn into the bulb B, by means of a piece of rubber 
tubing 20 cm. long attached to the end of that bulb. Too large an 
excess of oxygen or air should not be used for the combustion. In 
calculating roughly beforehand the quantities neces- 
sary, the ratios given in the table on p. 249 are to 
be borne in mkid, five volumes of air being used 
for each volume of oxyger. required. 

Below certain limits small qu.3ntities of com- 
bustible gases in presence of comparatively large 
quantities of indifiVent gas do not undergo com- 
bustion. Explosion can then only be effected by 
the addition of oxygen, and it nr.tiy even be neces- 
sary to add electrolytic gas in order to secure an 
explosive mixture. . Li practical work this compli- 
cation has rarely to be resorted to, as the difficulty 
can be overcome by simpler mpthoejs, which will be 
explained suosequentiyr 
On the other hand, in dealing vvidi highly explosive mixtures, the 
nitrogen in the gases may also^ be oxidised, as was first pointed out by 
Bunsen. His experiments had reference only to admixtures of 
electrolytic gas and nitrogen, but he concluded that in order to avoid 
the oxidation of the nitrogen in the combustion of gaseous mixtures 
generally, not more than 26 to 64 vols. of combustible gas (inclusive of 
the necessary oxygen) should be present for every 109 vols. of incom- 
bustible mixture. These ratios form a satisfactory guide in the 
analysis of coal ^*ac. , 

In any case, when the gases before explosion are unde’* a cressure 
of abotit half an atmosphere, the ratio of the oxygen added to the 
volume of combustible gas shoula be appr oximately that indicated in 
the following table: — 

f Volumo of OxyRni. 


Volume of 

Hydrogen ...... i-5 

Carbon monoxide . . . . . . i-5 

Methane . . . , . . . . 5 

Gases containing two attiins of carljon in the inole( ule, 

Elnane, C. 2 H,; . . . . . - 

Gases containing three atoms of cuibon in llie '' 

molecule, l^ropane, C;iH„ ... . 18 

Gases containing four atoms of carbon iiV the nlole- 
cule, e.g. Butane, C,,H,„ . ... 

‘ Cf. Ch»2. Zeit.^ 1904, 28, 
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Further .details concernir^ the necessary addition of oxygen and 
the pressure at which the e:j:plosipn is best carried out are given by > 
Thomasd 

Preparation of Oxygen for Purposes of Combustion. ^ Oxygen for 
analysis by explosion is conveniently prepared by gently heating pure 
potassium permanganate or perchlorate in a small, round bottomed 
flask or tube. About 2 g. of potassium permanganate or perchlorate 
is so heated, and care takep that all air has becii cleared from the 
flask or tube before connection is made with the analysis apparatus. 
The oxygen should prefe,rably be passed through caustic soda solution 
to remove any carbon dioxide formeci.by the combustion of dust, and 
to arrest any permanganate dust carried forward with the gas stream. 
The oxygen may be stored conveniently in a* vessel over glycerine or 
brine. 

ftefore the gas is used, its purity should be tested and at least 
99 5 per cent. of-> the gas should be absorbable in alkaline pyro- 
gallatq solution. 

ip) Combustion without* Explosion by means of Palladium.-— 

Hydrogen and carbon monoxide arc easily oxidised with air when 
passed over heated palladium; methane docs not take part in the 
combilslion so long as thcjjtdmperature is not raised too high. The 
method is, therefore, useful for the estimation of hydrogen and carbon 
monoxide in the presence of methane (fractional combustion) ; it gives 
satisfactory results with small amounts of these gases in the presence 
of large quantitigs of indiflerent gases. The palkidium is used cither 
in the form of wire or of palladium asbestos, and is placed in a small 
cniilllary glass tube which is interposed between the measuring burette 
and*h pspette flyed with water or a second burette. The mixture to 
be burnt is passed* over the heated palladium, and both the contraction 
and t^(;-4iij;bon^lioxidc formed by combustion measured. 

The ^xi<;t temperatures fc) which the palladium must be raised has 
been the subject of considerable controversy. Winkler asset I’s that 
methane is flot burned at ’•all when* passed over palladium asbestos 
heated by a naked flame ; even when considerable ejscess of easijy 
comb ustib le gases is present, at most^ only a trace of methane is 
bfffhed.*~If the temperature rises too much, a little methane is burned 
as well. Hcmpel considers that methane when passed over palladiuhi 
• asbestos docs not burn at cdl at tempi^-raturcs up tp lOO”. Combusuon 
of methane commences at about 200°, and above this temperature 
a poi'fcion of the methane is .burnt along with any hydrogen present 
in the gliscous mixture. According, 'to Thiflips,^ the temperature of 
oxidation of methane by ‘palladium asbesto.s is 404" to' 414°, and 

^ J. Chem. Soc.^ 1879, 35, 313. ^ ^ See Lunge, Tech. Cas 1914, p. 67. 

^ Metho'is of Gas .Analysts , 1892, j). 134. .Amer. Chetn.fy 1894, 16, 163^ 
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a variation in the relative proportions hf inflammable gas and air 
f^appears to be without effect upon the oxidajtion temperature. Richardt ^ 
found that appreciable oxidation in the presence of palladium asbestos 
did not occur at temperatures below 6oo\ and that for the fractional 
combustion of hydrogen the temperature must not exceed 500° to 600°. 
Denham ^ states that the temperature of combustion of practically pure 
methane and oxygen lies between 514''' and 546^ Any variation in 
the ratio of the vdumes of the methane arnil oxygen tends to raise 
the combustion temperature above that necessary for the complete 
combustiori of a mixture containing the two ^ascs in the exact ratio 
required for complete combustion. The method of fractional com- ' 
bustion of hydrogen in the presence of methane using palladium 
asbestos is capable of affording reliable results i:)^ovidecl the tempera- 
ture does not exceed 500° to 550V In no case was Denham able 
to effect anything approachii*^ complete combustion of methane, 
although in 'some cases the. temperature was much as 100° 
above the temperature of combustion of methane. Richardt found 
only 1-3 per cent, of methane burnt at 609 *". , 

Palladium wire, first recommended by Bunte,^ is used as a very 



Fio. 138. 


thin filament, about 1-5 cm. long, bent in two, and placed in the 
middle, narrowed portion of a tube cf potash glass (Fig. 133); the 
wider parts of the tube are lightly stopped with asbestos fibre as 
a security against a possible explosion. The palladium is heated 
either by a spirit-lamp or by a very small gas burner. According 
to Richardt,*^ the heating must only be carried so far that the tip of 
the flame begins to be coloured yellow by the sodium ot" the glass; 
if thi^ condition be fulfilled, the combustion of methane Joes not 
take place. . 

Palladium asbestos, which was introduced by C. Winkler for 
fractional combustion, is prepared in the following way. Palladium 
chloride, obtained from i g. of palladium, is reduced by the— s 4 di<-'on 
of a few c.c. of a cold, saturated solution of rodium formate, and 
sufficient sodium' carbonate to make it strongly alkaline, and about 
I g. of best long-fibred asbestos is placed in the solution ; this 
should absorb ‘^all the liquid. The damp mass i: allowed to dry 
at a gentle heat, and in this way palPfidium in a very fine sta^e of 
division is^ precipitated bn the fibres, anq adhefcs well to them even 

’ J, Gasbeleucht.f 1904, 47, 566 and 590. Soc. Chem, Ind.^ 1905, 24, 1202. 

J, GasbeUucht.^ 1878, 21, 263, t Ibtd., 1904, 47, 592. 
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when thoroughly dried on the water-bath ; the asbestos is finally 
washed with boiling water and again well dried. The combustion 
capillary, which is from 5 to 10 cm. long, and about i mm. internal 
and 5 mm. external diameter, is filled by moistening a few threads of 
the asbestos with water, twisting them together on a piece of filter 
paper, and then sliding a piece about i cm. long into the middle of 
the tube ; the capillary is then dried on the water-bath. 

The combination of oxygeii with hydrogen or witii carbon monoxide 
takes place more readily by means of palladium asbestos than with 
palladium wire. If the g^s be passed sufficiently quickly through the 
tube after the combustion has been started, the oxidation continues 
without further heating, and is .seen by the glowing of the end of the 
a^estos thread next to the entering gases. 

Combustion without Explosion by Means of Platinum.— 
Platinum may be employed in place of palladium to accelerate the 
combustion of such'^ases as hydrogen, carbon monoxide, and methane. 
The platinum may be used in 
the form of wire or of a capil- ' 
lary tube. Methane is com- - 
pletely oxidised,, whep passed^ ' 
with oxygen o'\^cr brightly glo.^- 
ing platinum.* * fio. 134. 

( 1 ) J V inkle}' s Modification ofi 

the Hcmpel Pipette} A spiral of platinum wire which can be main- 
tained electrically, in an incandescent state is introduced into the 
ordinary form of Hempel pipette (p. 265). Contact between the gaseous 
mixture and the spiral is not very intimate, and an explosion is very 
liable’fo oocur unUss the mixture is led very slowly into the pipette. 

(2) DrehschniidPs Platmu}}i Capillary Tube'"'' (Fig. 134). This 

consist? ^4-* seainlcss platinum tube, 20 cm. long, z mm. thick, and 
07 mm. i^t^wal diameter, containing three or four pieces of {)latinum 
wire ; the pieces of brass tubing soldpred to the ends of the platinum 
tube serve for 'connecting to** the measuring tupc and pipette. Two 
small cooling cylinders, also made of brass, are fixed on 'to the brass 
tubes, j ust above the bend. * The tube r^iust be tested before use, to 
malfc sure that it is air-tight. , , 

(3) Levy's Silica- Ptatinuin Condnistion Capilla}y h shown in Fig. 135.' 
•AB is a tube of (used silica, a'bout 7 mm 'external di?,metpr and 1-5 mn;. 
bore. CD is a wire composed of an alloy of platinum wi).h 30 per cent, 
of irid^pen. This is stretched r^xially along the silica tube AB. The 
leading-in •wires EC and FD fire of molybdenu^, this being the only 
metal that can be fused into* silica satisfactorily. The molybdenum 
wires terminate* at E and F in^ solid lumps of lead to which copper 

^ Z. anal, Chem., 1889, 28, 269 ; /. Soc. Ckem. hid., 1889, 8, 570. " Ber., 1 888, 21, 3245 - 
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wires are soldered. G and H are leading-in tubes of silica about i mm. 
^ bore, which serve to pass the gas oyer the wire CD \vhk\] is heated by 
a current from a 2- or 4-volt battery, the temperature of the wire being 
adjusted by means of a rheostat inclucjed in the circuit. The wire is 



corrugated so as to take up th\e expansion 'bn heating. This may also 
be effected by using a straight wire and employing a short spring of 
molybdenum. The o^^idation of a gaseous mixture is accelerated*^ if 
the wall of the capillary is coated with finely divided platinum by 
spluttering of the platinum wfre. " 

While the limitations accompanying the use '"of platinum in the 
fractional combustion of gaseous mixtures have not been speckled with 
the same precision as for palladium (p. ^5^5) or for cupric oxide (p. 261), 
the method gives reliable results when used for methane determinations. 
Levy^ asserts that by the use of the silira-platinum capillary tube, an 
accurate analysis can be made of a ibixture containing hydrogen, 
carbon monoxide, methane, and nitrogen. Two methods are proposed : — 
(i) Complete Combustion Method. A few cubic centimetres of the 
mixture, after the removal of the absorbable constituents, together with 
excess of air or oxygen, are measured and then passed through the 
oxidation tube, the temperature of which is regulated to incipient white- 
ness. By excess of air is meant (say) nine times the gas volume. I’his 
operation is repeated once or twice, until no further ccTutraction is 
observed, and the maximum contraction noted. The gas is then passed 
into a potash "pipette to remove the carbon dioxide, prod, .ted by the 
combustion, and the further contraction is noted. The,, excess of 
oxygen is then absorbed vdth alkaline pyrogallol, thus giving a 
measure of the amouijt of oxygen required^ for the comoustion. [This, 
of course, pi'e-supposes a knowledge of the amount of oxygen added, 
which is known from the composition of the gas added.] _ 

, Let the volume of carbon monoxide be .v. 

t „ t ,, methane be y. 

< t ’ „ „ - hydrogen be 

Then C. ^ contraction ^ y 2y + -!;'. 

» f 2 2 

,. C.2 - contraction in potash = a +y. 

„ = oxygen used = ~ + 2^ + -* 

' ? 2 

, 1 /. Gas Lighting, 1913 , 1,22, 457. 
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Solving thfese three equations for and we have 

. , * 4C., + C, - 3V0 

X — carbon monoxide = - — — — 

3 

y ^ methane = - .v: \ 


I orji^ = ■ 


,3V.>-C,-C; 


s - hydrogen* = Ci-Vo 

# 

(ii) Fractional Combustion Method. By regulating the temperature 
of the heated wire, the hydrogen, carbon monoxide, and methane can 
^Iso b^p determined by frattioiial combustion. If the wire be heated 
to scarcely visible redness, die hydrogen'^ and occasionally some of the 
carbon monoxide, burnt, while the methane remains unaffected. On 
increasing the temperature to incipient whiteness, the remainder of the 
carboq monoxide and the whole* of the methane are oxidi.sed. The 
advantage of this method of wor\:ing Is that the accuracy of the 
determination of tlft combustible gases fs increased, and the necessity 
for the •determination of the ox5^gen consumed is obviated. The 
method of working ii? as follows : ' The gaseous mixture is passed over 
the wire (which is heated to scarcely visible redness) a few times until 
no further contraction ’is observed. Thedas is then passed into potash, 
and the amount absorbed, if a.ty, is noterj. 

Let.the contraction be and the further contraction on passing 
into potash be C.,. Then the carbon mon'«)xide oxidised at this stage 

= Co. The contraction due to' carbon monoxide — Hence the con- 

• 2 


trar.tuin due to hydrogen = — and hydrogen =-^ After 

heatin'g to' whileiiftss, let the further contraction observed be C3, and 
the contraction on passing into potash be C^. Let the remainder of 

the carbon iTltnoxide be x and tlie methane be j'. Then C.^= *- + 2/ and 
• • ^ ' ’2 


C j Hcjicc y — methan^ = 

C. — methane. 


0 


and ,i'=carbon monoxide = 


Hencf' ^''ydrogen 
methane 


2C,- 



3 , 


carbon monojeide = + — methane. 

Usuall/ it will be founcf th^t no contraction <s^observed on passing 
intoi" potash after the fii*st coihbustion — />., C^^o; but C.^ should be 
determined as a check, in cas^ some carbon, monox*ide should be 
oxidised together with the hydrogen. v 
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The complete combustion method is more rapid than "the operation 
described, as only one combustion and absorption in potasJi are required. 
On the other hand, however, it entails a measurement of the oxygen, 
which the fractional method does ngt. The complete combustion 
method is^ most suitable for use in a constant volume apparatus; 
whereas in instruments in which measurements are made at constant 
pressure, the fracUonal- combustion meihod is far preferable. 

(d) Fractional Combustion employing Cupric Oxide. — This 
method, which is due to Jaeger,^ depends on the fractional combustion of 
the mixture of gases in the presence of cuprro oxide at various tempera- 
tures. As the oxygen required for the combustion is not added in the 
gaseous form, the volume changes are very simple';. thus, the hydrogen 
disappears completely on burning and its volume is equal to the con- 
traction, whilst the methane forms 'a:i equal volume of carbon dioxide, 
which is easily measured by absorption. The combustion tube, of 
the form shown in Fig. 136, is- made of hard Jena ^'lass with a capillary 
on one side and a somewhat wider Tube on the other. Large-grained 
copper oxide is introduced so that it lies at tiie beginning of the 



Ahbfisto.s. Asbestos. 

Fid. 136. 


capillary, and a plug of asbestos fibre is placed against it; the wide 
part of the tube is then filled with freshly ignited powdered copper 
oxide, kept in position by a second plug of asbestos. The tfibe is 
connected by rubber tubing on one side with the .mecfa'jTx'rng burette, 
and on the other side with the absorption pl'pette charged with 
potassium hydroxide .solution. For the combustion, of th^.Jiydrogen 
the tube is heated to 250°, as shown by a thermometer, the bulb of 
whi^ is placed against the tube. After oxidising the hydrogen and 
reading the contraction, the thermometer is removed and the methane 
then oxidised by heating the copper oxide to a red heat. As the 
carbon dioxide formed is absorbed by the potassium hydroxide in the 
pipette, the contraction giyes the volume of the methane directly.* 

The air enclosed in the tube takes part in the combustion of the 
hydrogen ; the correction necessary for the oxygen thus removed is 
determined once for all, so that it can be applied in all the estimations. 
It may amount to about o-8 c.c. 

The combustion with copp( 5 r oxide has the great advantt*ge that the 
whole of the gas left after absorption can be taken for the determina- 
tion, so that any errors do not influence; the final result to the same 
* /. GasbeUucht,^ 1898, ''4I, 764. 
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extent as whe,n only a fraction of the residue is used. A disadvantage 
arises from the difficulty in burning ^the methane completely and from 
the high temperatures necessary for the combustion, as the tube must 
be allowed to cool down before reading off the volume ;*the copper 
oxide must also be reoxidiseci^ after each analysis. Further details 
are given under the description of Jaeger’s method of gas analysis 
(p, 293). This method, howevef, is frequently employed for the deter- 
mination of the percentage of /litrogen only in gase& ; the percentage 
of nitrogen obtained in this way is 'more accurate than that found by 
the explosion method, in wjiich it is ahvays taken by difference, and is, 
therefore, subject to the ccimbined errors in the determination of all 
the other constitue^nts. 

• The accuracy of tH/s method of fractional c(imbustion is dependent 
upon the assumption of completo oxidation of the respective con- 
stituents. This has been investigated by.Terres and Mauguin,^ whose 
apparatus consisted^f a spiral of Jena gla^s having an internal diameter 
of 10 mip, and a length of 80 cm. .The spiral was packed with cupric 
oxide and heated to .the desired temperature in a bath of potassium 
and sodium nitrates. They reached the following conclusions : — 

(i) Carbon Monoxide. Dry carbonic oxide when not mixed with 
other combustible gases is p(?ver completely burned at the usual 
temperature of* fractional combustion. ' 'Even in a mixture containing 
a large* proportion of carbonic oxide, quite erroneous results may be 
obtained at the customary temperatures. ' At a red heat the combus- 
tion of carbonic o.%ide is complete. Alone, and dry, 90 to 94 per cent, 
of the gas is burnt at 305°. 

{2^ Hydrogen. The combustion of hydrogen commences at 160° 
to 170°; anchftt con^plete at 250°. 

(3) Carbon Mon(%\‘ide and Hydrogen. The presence of hydrogen is 

known to reduce ^ic temperature of combustion of ca/banic oxide and 
of other gasTif,^and owing to tVis fact carbonic oxide in the presence 
of small quantities of hydrogen is completely burned at lower tempera- 
tures than whe^ hydrogen* is absent* It seems possible to secure 
complete quantitative fractional combustion of a carj^onic oxide- 
hydrogen mixture without ctunbustion of methane by Cupric oxide 
at ^00°, provided the mixture contains approximately equal pro- 
portions of carbon nibnoxide and hydrogen on 4 he,one hand, and* 
methane on the other. • ^ ^ * 

(4) Methane. The combustion of methane over cupric oxide begins 

at 310°.. \yhen nlethane is present in very small proportion, the 
combustioi> is not quite complete even ^ a red lieat. In high concen- 
tration, methane is completely Lurned at a red he&t. • 

(5) Hydroca 7 i?ons such as acetylene, ethylene, and benzene are not 

* s 9 

^ J. Gasbeleucht.y 1915, 56, 8; also J. Gas Ltghhng^ 1915, 129, 257. ^ 
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for temperature and pressure are not usually made; q.wmg to the 
, analyses being carried out rapidly the changes in pressure are 
inappreciable ; in many forms of apparatus changes in* temperature 
are controlled by surrounding the measuring burette with a water- 
jacket. Simplicity of construction and easy manipulation are the 
chief considerations in (he design of apparatus of this character. 

For more accurate work, such as th3 complete analysis of heating 
and illuminating gas, rtiore complex apparatus is employed, in which 
mercury is used as the confining liquid, and corrections for temperature 

ard pressure^ are applied. The modern 
„ forms of ^'ich apparatus permit of' 
sufficient rapidity .in use to be ap- 
plicable for technical purposes. Of tlfe 
less. accurate forms of apparatus, those 
of Hempel, Orsat, Bunte, Honigmann, 
and Pfeiffer will bp^ described, and of 
the more accurate forms those pf Bone 
and ^heeler and, of Haldane, and in 
addition the apparatus of Jaeger and 
the “ Mefcrogas ” apparatus, which, as 
• stated ^pve, are especially applicable 
'to the determination of flitrogen. 

Whilst many other forms Of ap- 
paratus have been constructed, the 
above may be regarded as represen- 
tative of modern practice and ap- 
plicable to the requirements of gener-al 
technical gas analysis. 

Apparatus designed for the “ auto- 
matic” analysis of gases is ^escribed 
separately at the end of«rtie section 
(p. 321 

Hem pf^L’s Apparatus' is extremely 
simple in cohstruction and use, and in 
careful hands affords fairly accurate results; it is very adaptable, as 
Hempel has devised a variety of pipettes for special purposes, and' 's 
therefore much used., \ ^ 

‘■The burette (Fig. 137) consists of a nviasuring tube d, graduated • 
intb 100 c.c. with o*2 c.c. divisions, and the pressure tube a, each of 
which is contraiited at the lower end and bent at fight angles, so as 
to fit into slots in weighted wooden supports. The measuring tube 
is also contracted at the top, and terminates in a capillary tube J to 
I mm. in diameter and 3 cm. long. The tubes are connected by a 
piece of rubber tubing ^bout 100 cm. long, preferably divided in the 
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middle, wijth the parts joined together by a short piece of glass tubing 
to facilitate the cleaning of the burette. A short piece of thick-walle^ 
rubber tubing, provided with a pinch-cock, is attached at / 

A better’ form of burette has the rubber connection 
and pinch-cock at / repl'aced by a three-way 
tap, of the form shown in lMg.'i37A. 

Another modification, generally known as 
the modified Winkler b?irette^ shc^n in Fig. 

138, is provided with a simple gas tap at a 
and witji a three nway tap at b] its chief 
advanta^ie is in the ai]alysis of mixtures con- 
taining an easily soluble gas, since the initial 
volume of gas can be measured without bringing it into 
contact with water, which is always used as the con- 
fining liquid in ihe vj^rious forms of Hempel burette 
f^nployed for technical analysis. 

Any of thesc^ forms of burette may be provided with 
a }vater-jaGkVt.|o minimise changes of temperature. 

The pipettes, in which the various reagents for the 
absorption •of the gases are 
* confained,()ohsi.st of tu»o bulbs, 
a and b (Pdg. 139^, ocmnected 
by the tube d, of which b is 
attached to a capillary tube c 
of \ to I mm. diameter; a 
white porcelain plate, is 
fixed at the back of c, to 
^ render the thread of liquid in 
\he capillary more visible. 

The capacity of the balb b is 
about 150 c,c., that of a about 

100 C.c. to allow a sufficient quantity of the absorbent 
to be 'left jn b after* t’he introduction of 100 c.c. of gas 
The pip&ttes are mounted eidier on wooden (Figs. 139 
and 143) t)r on adjustable iron frames (Figs. 140, 141 » 
142, and 144). Pipctt*es*for use with solid absorbents 
suc3^i as phosphorus, are pVovided, with a cylindrical bulb, 
tubulated, at the bottoffi (Fig. 141’), and closed "by a 
good rubber stopper; double pipettes (Figs. 14^ and* 
Fio. 188. fQj. absorbents which Require to be pro- 

tected^from the air, such^as pyrc^allol, dr which evolve irritating 
fumes, such as bronvne, . ^ 

A good fbrm of simple pipette, in which a small second bulb, filled with 
glass beads, is placed above die absorption bulb, is shown in Fig. 144. 
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The simple pipettes are filled by pourin"‘thc absorbent through the 
tube attached to the bulb a (Fig. 139), whilst the air is sucked out 
from b\ sufficient liquid is introduced to fill the bulbV; and the 
capillary tube^r completely, and to leave a small quantity in a. To 



i 

Flu. 140. * Fio, 141. 

* * 


fill the double pipettes, the best plan is to attach a glass tube a metre 
long, and provided with a funnel, to the tdp of th^ capjllary tube, and 
to pour the absorbent liquid in* through ifhis, until the first bulb is 
completely filled ; to effect this without the liquid ovcrflow'ing to the 
protecting bulbs rand d (Fig. 1^3), it is necc.ssary to blow out the air 



•contained- in a thi\)ugh the funnel ‘several time.s, after a portion of the 
absorbent has bet;n introduced. After and the lower part of /^have 
been filled, water is introduced int^ d and through the tube aftaclied 
to d, after fipt blowing ^©ver a portion of^fhe liquid in a into b, so a*s 
to remove the air in the latter. 

The burette and pipeKes are connecfr.‘d hy a piece of thick-walled 
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capillary Cubing of i mm. internal diameter and i8 cm. in length, as 
shown in Fig. 145, the pipette and burette being attached to it py 
stout rubtier tubing. 

To introduce gas for analysis into the burette, the .pressure tube B 
(Fig. 145) is filled with water and the*n raised, so as to drive out the 
air in the measuring tube A, and the pinch-cock or tap at f closed. 
A 0-5 per cent solution of sulphuric acid in water is used as the 
confining liquid ; it is advantageous to keep a si^ck of this acidulated 
water so that it has attained th'? temperature of the laboratory before 
use. The gas supply ^is attache 4 at /, and the sample 'syphoned in, 
by opening f and loy/ering the ^ 


pressure tube. A little more than 
100 c.c. of gas is drawn in and then 
/ is closed. When the Winlder 
burette (Fig. 138) is used for the 
analysis of a naixture containing 
a v,ery soluble constituent, 4he 




sample is introduced through the thrce-wa>' tap h, at the bottom of the 
burette. To obtain exactly 100 c.c. of gas for analysis the pressure 
^ tube is raised gradually, and when*the liquid stands exactly at the > 
100 c.c. graduation, the connecting* rubber tubq is closed by pre.ssing it 
between the thumb ajjd finger; ^ h then momentarily opened to 
establish the atmospheric pressure, and the volifme Verified by brlngin-g 
the; wajer in the two tubes of the burette to the sam^ level. 

T^ie burette and . thc'^ pipette > are then connected, as shown in 
* Fig. 145. To ob\;iatc t^e error due to tlid air in the ^capillary tube 
E, this is fi*rst connected to the pipette, and the absorbent liquid blown 
over from the latter uiUil>it begins to rtfn out at the free end of the 
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capillary, which is at once attached to the burette; it is convenient 
tc^^ attach a piece of rubber tubing to the tube of the upper bulb of 
the pipette for this purpose. The gas is transferred from the burette 
to the pipette by raising the pressure tube and opening /; water is 
driven over to wash out the Capillary tube of the pipette, as far as 
the top of the absorption' bulb, so that the gas is confined between 
two surfaces of liquid, and / is then closed. The absorption is pro- 
moted by gently shajdng the pipette ; som.e recommend the removal 
of the capillary E, but sufficient movement can be given to the liquid 
without disconnecting. After absorption, the^gas is syphoned back 
into the burette by lowering B, thp liquid in the pipette being drawn 
over as far as the pinch-cook (or stopcock) at /; after allowing two 
minutes for the water in the burette to drain, the' liquid in the two ' 
tubes of the burette is brought to the same level and the reading 
taken. The absorption is repea[ed uirtil a constant value is obtained, 
and the decrease in volume, with each reagent, repcesents the per- 
centage of absorbed gas present ii\ the mixture. The capijlary 
connecting tube E must be thoroughly ^cleaned froiv each successive 
reagent. 

As the Hempel apparatus is not used for work of high accuracy, 
some workers prefer to avoid iirtroducin^g||the absorbents into ‘the 
connecting capillary tube, and in transferring the gas from the burette 
to the absorption pipette, and in syphoning it back, bring the con- 
fining liquid only as far as the ‘tap of the burette and the top of the 
capillary of the pipette respectively. 

The Hempel apparatus can be used for the analysis of mixtures 
containing carbon dioxide, oxygen, carbon monoxide, hydrogen, * 
methane, nitrogen, olefines, and hydrocarbon vapours. Tli Q,q^ epaia- 
tion of the various absorbents has been already desoribed (pp. 241- 
247). The following will indicate •the general mode of procedure. 

(1) Carbon dioxide is determined by ^neans of a sokiflon of 
potassium hydroxide in a simple absorption pipetttf (Fig. 139). 

(2) Oxygen is absorbed in an afkvilfne pyrcigallol solution^ contained 

in a composite absorption^ pipette (Fig. 143), br by means of copper 
wire gauze immersed in concentrated ammonia«:ontained in a tubulated 
pipette (Fig. 141). If dcsired,^the oxygen can be absorbed, without % 
previous absorption of qarbon dioxide, by means of phosphorus undei 
waterdn a similar pipette. • , 

(3) Carbon i/i^wxide is absorbed by an ammoniacal or acid 

solution of cuproiTs chloride contained in a composite abs^orption 
pipette (Fig. 143). \ \ ' 

(4) Hydrogen is deterrfHhed by combustioy with, oxygen either over* 
palladium asbestos or by explosion. The former method is’carried out 
by replacing the connecting capillary tub® E*' (Fig. 145) by a similar 
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tube conticining a thread of asbestos fibre coated with metallic palladium, 
as described on p. 256, and heated by a small spirit-lamp. r 

To introduce the fibre, a few loose strands are moistened with water 
and then rolled into a fine straight thread, which is slid into the capillary 
tube held vertically, and beij^re it has been bent for attachment to the 
burette and pipette. The thread is easily brought into position in the 
centre of the tube; the water is then drawn off, by means of filter 
paper, the moisture removed by drying, and the ands of the tube bent 
at right angles for a length of 3-5 to 4 cm. 

The capillary tube attachcd"on the one side to the burette in the 
usual way, and on the ofher, to a simple pipette filled with water. Not 
more than 25 c.c. of the gas in the burette is first passed over into the 
pipette, the necessary quantity of air (about '75 c.c. should suffice) then 
introduced into the burette, its volume measured and also the volume 
of gas + air, after syphoning bAck the former from the pipette, as a 
check. The whelc is then mixed by passing it into the pipette, which 
is gently shaken ; it is then passed backwards and forwards over the 
heated palladium* asbestos' till no further contraction occurs; two-thirds 
of this contraction is due to the hydrogen. The level of the confining 
liquid is brought ^o the .bottom of the capillary combustion tube, in 
syphoning the gas to anch irom the burette. For the introduction of 
the air or oxygen, the burett*;^ with the three-way tap at the top 
(Ffg. 137) is very advantageous, as it avoids disconnecting the 
capillary tube. 

The method is very valuable for determining hydrogen in presence 
of methane (see p. 255). Carbon monoxide may be similarly determined, 
•the carbon dioxide formed being subsequently absorbed by potassium 
hydroxidsn-* ^ 

The DctaiMnation of Hydrogen by Absorption ivith Palladuim. 
Hcmpel has worked out the conditions under vihidi the well-known 
power^po5^cssed by palladium of absorbing hydrogen can be used for 
the determination oFthis gas. 

Pure palladium is h^rdifferent 'towards a mixture of hydrogen, 
methane, and nitrogen, but if a small proportion of^palladious oxide 
is present, a partial combustion of the hydrogen occUrs, and the heat 
^thus generated is sufficient to ensure the absorption of the rest of the 
hydrogen present'; the process is accordingly [i\ part a combus^tion 
and in part jin occlusioa of the hy/lrogen. ^ 

The palladium is prepared by heating 4 to 5 g. of palladiumf 
sponge, #in portions of i g. at a time, on the lid of a platinum 
crucili^e, until it nearly gjii)ws, ant/ then qjlowing it to cool slowly, 
whereby a thin film* of oxide is formed upon the surface of the metal. 
Four grams* of this oxiejised sponge is placed in a U-f*jt)e, of 4 mm. 
internal diameter and 20 dm. total IcngtH ; the tube js placed in a 



270 TECHNICAL GAS ANALYSIS ‘ 

beaker, and kept at a temperature of 90'’ to lOo"" by hot'' water, as 
shown in Fig. 146. , ^ 

The U‘tube is attached on the 6ne side to the burette, and on the 
other to a pipette charged with^ water, and the gas syphoned backwards 
and forwards three times ; the beaker H i/ then replaced by one con- 
taining cold water, and the gas again passed twice through the tub^ 
so as to cool it to the oi;iginal tempcradire. The volume is finally 
adjusted by syphoniiTg the liquid in the pipctfc to /, and the reading 
taken ; the decrease in volume represents the absorbed hydrogen plus 
the volume of oxygen originally contained in the (J-l^-^be. The latter 
is determined, once for all, by clesing one cn^l of the U-f'Jbe with a 

glass stopper attkehed by a piece 
of rubber tubing, and then placing 
it (n, a beaker of water at p'" ; tjie 
optn end of the tube is then con- 
nected with the btfrettc, previously 
filled .with water, and the •tube 
heateef ifi the beafker to 100 '. The 
increase of volume, as measured in 
the burbj-te, is , that, due to an in- 
crease df 91" in temperature, and 
therefore equal to one-th'ird of the 
volume of gas ; from this value 
the volume of oxygen in the 
(J-tube is obtained.* The palladium 
is regenerated after use by first 
passing air over it, when it gets' 
quite hot ; any dropt c/firrater that 
may collect are reAnoved, the pal- 
ladium then shaken Qiit of the tube 
and oxidised as before. ** ^ 

Carbon dioxide, oxygen, carbon monoxide, heavy hydrocarbons, 
and vapours of hydrochloric acid ahef of amM’Onia, prevent the deter- 
mination of hyclj ogen by* this method, and it is but seldom used in 
technical gas an'klysis. It has, however, the ''ad vantage that since no 
air is added, the volume of the* gas that can be used for the analysis' 
is not restricted. , » » ’ 

Methane is deterrnined by cqmbustion t/ith oxygen, cither by 
Explosion or by a heated platinum wire. 

The Determination of Methane by Explosion. The Hempcl erplosjon 
pipette is used for this mettled. Tfte earlier^, .forrli is shown in Fig 147 ; 
it is a simpk pipette, pi^ovidcd with electrodes at k and a stopcock 
at and is filled vyith water. An improved form of pipette, in which 
mercury is usq/J as the confining liquid, is khown in Fig. 148 ; the bulb 
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of the ordinary pipette is attached to a levelling bulb by a stout piece 
of rubber tijbing. A small stopcopk fitted to the top of the capilla^ 
tube at c removes the risk of loss by leakage on firing. 

The residual gas, after the determination of the' hydrogen, is 
syphoned over into the explosion pipette, the necessary quantity of 
air or oxygen added, in the same manner as in the combustion 
ol ’hydrogen over palladium dsbestos, the total volume then measured 
as a check, and the wholo passed over into thc> pipette, where it is 
mixed by gentle shaking ; the water in the burette is syphoned over 
un(il the capillary tube* of the pipette is filled, when the tap at c is 
closed. The pressure oiPthe mixture^ is reduced slightly before firing 
by lowering the, 'J^ressure bulb <7; g the tap d is then closed and the 
gases fired by attaching the terminals of a* small Ruhmkorff coil to 



the electrodes ot'the pipette. After the combustion, the gas is syphoned 
back into the iburette, and the carbon dioxide for*m<^ determined by 
absorp^miiiwith potassium hydroxide. 

With regard to the volume of^air^or oxygen to be added Tor the 
combustioii (see p, 254), da-atio of 50k too is a good working proportion, 
the oxygen theoretically required for the combustior^of the methane 
being included in the cofnbustible gasses, the excess ibrming part of 
•^he incombustible gases. The choice of air or oxygen will accordingly 
be decided by tht? volume of gas to be dealt ■•witji and its metlmne 
content. Oxygen from ordinary o>;ygen cylinders can conveniently 
be used, the percentage of oxygen it contains having been previously' 
det^miii^d. 

Many of the absorption ^/ipettes c?escribed,,'above have been modified 
so that the gas enters the pipette below the surface of the liquid, but is 
drawn off fro*m the top in,the usual manner.^ , 

^ See, e.g., Dennis,/. Ind. Efig. them., 1912, 4, 12 ; Van Alstine, tbid.^ ;9I9, II, 51. 
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Orsat’s Apparatus. — This form of apparatus is primarily due to 
Schlosing and Roland ; ^ it has becn,modified and improve^ by Orsat,^ 
Salleron, F. Fischer/^ Lunge, Sodcau, and others, and is generally 
known as the 0 rsat gas analysis apparatus. The apparatus is primarily 
designed to combine rapidity with convenience in working. 

Fischer’s modification consists of a measuring tube or burette A 
(Fig. 149), surrounded by a water-jacket, ‘which is attached at the top 
to absorption vesseli^ generally called pipottc.^, D and E, by means of 

^ capillary tubes, and at 

iithe bottom to a pressure 
" bottle L. The whole is 
fixed *i;i a case, which 
can' be closed by sliding 
shutters for transport. 
The burette has a ca- 
pacity of 100 c.c, the 
lower portion being 
graduated in tenths and 
the upper in whole c.c. 
The capiHary tube, lead- 
ing to the pipettes, is 
provided witii a tap at 
each junction, as shown, 
and there is a mark w, 
on eacR of these, be\<^w 
the tap ; the tap c is 
a three - way stopcock 
which allo”i»6-of connec- 
tion bbtween the gas 
supply ap,d the tube B, 
or between ,^i 3 ‘and A, 
or' between A and the 
Fia.140, ' u'' outside air. 'The IJ-Lube 

' B is filled with cotton 

wool to retain 'any soot or dust from the ^as sample. The pipettes 
are filled with bundles of 'glass tubes, so as to provide a large 
surface for contact between the gas and the ab'oorbent ; the open 
end 'of each pipette is closed 'by a rubber ctopper carrying a glass 
‘‘tube, to which a thin rubber ball is attached to protect the con- 
tained liquids frdm contact with the air. To prepare the ^ppaf,atus 
for use, the pressure bottle L is'f filled \^Jth water and then % raised, 
so as to drive out the air in A, through ^.he tap c. The pipette D 



^ Ann. Chitn. Phys., *868, I 4 [iv ]» 55 - 
2 AnnaU des M'nes, 1875, 8 [vii.], 485 and 501. 


FischePs Jahresher.y 1880, 26, 330. 
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is then filled with potassium hydroxide solution, and the pipette E 
with pyrogallol solution ; a thir^ pipette, charged with cuprous 
chloride solution, can be employed for the absorption of carbon 
monoxide. The absorbing liquids are poured in from the back, so 
as to fill about half of the pipjtte, and then drawn up to the mark 
by opening the tap of the pipette and lowering the pressure bottle L ; 
whetr the liquid reaches the mark, the tap is closed and the back 
opening of the pipette closed by the thin rubber iball. Before pro- 
ceeding with an analysis, the appciratus should first be tested to see 
whether it is air-tight, bj; filling th<i burette with water, then closing 
'*the tap c and lowering the pressure bottle, when it will at once be 
seen, from any change in level of the water in A, whether there is 
atiy leak. '• ' 

To introduce the sample of gas, A is again filled with water and 
the tap c turned so as to communicate through B with the outside air. 
The rubber aspirator C, which is connected with the gas supply, is 
then at,tached to the exit tube of B ; after clearing out the air in B 
by aspirating, the ^.ap c is tuVred, so as to connect the gas supply 
with the burette, and the sample, introduced by lowering the pressure 
bottle L. A little more tl^iJn lOO c.c. of gas are syphoned into A, 
and th‘e tap c tfien closed. 1 To obtaiA exactly lOO c.c. for analysis, 
the gas is compressed to the zero njark'by raising L, the rubber tube s 
then closed, either by the pinch-cock or by the fingers, and the tap c 
momentarily opened to the outside air, so as to establish atmospheric 
pre^re on the contained gas. 

To determine the carbon dioxide, the tap connected with D is 
opened and the gas in A transferred into the pipette, by raising the 
press^lre bottl(i^»this operation is repeated several times, alternately 
lowering and raising L, until the absorption is complete, the level of 
the liquid in D ^cing finally adjusted td the mark iu, the attached tap 
closed, anfl tjie reading in the burette taken, the pressure on the gas 
being adjusted to that* of the atmospljere by raising L, so that the 
levels of the ’•liquid in it'jind in the burette are the same. The 
reading gives the percentage of carbon dioxide direitly. Oxygen 
is similarly determined in the pipette p. Cuprous chloride solution 
^ hAr nmpt; unreliable for the determination^ of carbon monoxide after 
having been used for"^ short time (p. 244),,and Fischer prefers to onift 
•this determination in the analysis of furnace gases. Other forms pf 
apparatus are, of course, available for the determination of this gas, and, 
as alr^;pdy pointed'out (p. 231), its quantity can also be gauged approxi- 
mately fr^m the percentag^e of|carbon (dioxide apd oxygen contained in 
such gases. Carbon monoxicie does not occur nearly so frequently in 
furnace gases, in presence qf free oxygen, as has been assumed to be 
the case, from inaccurate analys^es. 



274 


TECHNICAL GAS A^NALYSlS 


When the analysis is completed, the residual gas is cleared out of 
^the burette and the apparatus is then again ready for us^ ; an analysis 
can be completed in five minutfes, with an accuracy of o-2 per cent. 
When exhausted, the contents of the pipettes are removed by means of 
a small syphon, and the pipettes thor^Jughly washed out with water, 
before introducing the fresh reagent. Should any of the absorption 
liquid have got into the capillary tube above the stopcocks of the 
pipettes, the tubes ‘must be thoroughly wash’ed out with water through 
the tap c, and the water in the burette and pressure bottle renewed. It 
is important to grease all the stopcocks cart^fully before the apparatus 
is put aside after use. 

As the result of the experience of more than foirr thousand analyses, 
Fischer regards this foun of apparatus as the "most suitable for tne 
examination of the gases from boiler furnaces,^ heating apparatus, brick 
kilns, pottery kilns, ultramarinpe kilns, black-ash furnaces,*'^ and the like, 
and also as advantageous for the examination of blast-furnace gases, 
cupola-furnace gases, the gases from puddling furnaces,^ the saturation 
gases in the manufacture of sugar, and for the -'Study of petroleum 
lamps and of gas engines.'^ 

Lunge’s modification*’ of the Orsat apparatus (Fig. 150) is 
arranged for the determinatidh of hyirogen, in addition to that of 
carbon dioxide, oxygen, and c'aTbgn monoxide. The pipettes c, r/, 
are provided for the absorption of the latter gases, and are charged 
with potassium hydroxide, alkaline pyrogallol, and cuprous chloride 
respectively; the manipulation of the apparatus is in every way sh^ilar 
to that of the Orsat-Fischer form. Hydrogen is determined by com- 
bustion over a palladium asbestos fibre, placed in the capillary 'tube 
/, connected to the pipette //, which is filled with w^'^, and thiough 
the tap to the capillary connecting tube of the apffaratus. The small 
spirit-lamp^, carried by the movable rod /, is for heating the palladium 
asbestos. To carry out the combustion, the residual gas; after the 
absofption of the carbon dioxide, oxygen, and Carbon monoxide, is first 
mixed with air in the burette a, by lowe-. hig the pressure bottle, and 
Sidmitting through the tap k sufficient air to bring the total volume to 
about 100 c.c. If the gas is very rich ih hydrogen, it is advisable 
either to add a further proportion of air after the first combustion 
been completed, pr to repeat the combustion witlf the residual mixture, 
oj^to substitute oxygen for air in the first instance. The reading of the 
total volume of gas and air (or oxygen) is first taken, and the mixture 
passed through the tap e, over the palladium asbesto 5 , previously.gently 

* i i 

1 Dingl . polyt . /., 1878, 2^9, ,130 ; 1879^ 232, 346 ; .133, 1C3. Fischer's fahresk - y ,^ 1881, 27, 
146, 1045 ai^ 1050 ; 1882, 281 131 ; 1883, 29, 1289 ; 18(85, 31, i;95. 

2 Fischer s Jahresher .^ 1878, 24, 431 ; 1880, 26, 274 ; 1881, 27, 35 and I'047. 

8 Ibid ., 1879, 25,^1 ; 1884, £0, 37 ; 1885, 31, 37.^ • 4 Ibid ., 1881, 27, 35. 

8 Ibid ., i88^, 29, 1229. \ 0 Dingl . polyt . 1882,245, 5^2. 

I 
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heated ; the* temperature of the tube should be such as to allow of its 
being touched, for a moment, without burning the fingers. The/ 
progress of the combustion is at onc*e indicated by the glowing of the 
asbestos thread at the end where the gas enters, and ^by carefully 
syphoning the mixture backwards and forwards several times, complete 
combustion is effected as shown by the volume remaining constant. If 



jxsidual gas must be passed into the pfp(*ttc to remove the carbon 
dioxide formed, and Uie total contraction i:^'asurcc],after this absorption. 

Example of Aft (ily sis. • . , ^ , 

loo c.c. of Producer Gas gave the follosving readings on the b^iretfc 


#•1, After absorption of Carbon Dioxide . . . 3-2 

2^A/t€rabsorptio?iof*Oxyj^n ^ ^ . . 3-2 

3. After absoiptioT^ of Carpon Monoxide . * . . 2j-2 

4. After faddition of Air ..... 0-9 

5. After Combustion . . . • . * . io-8 

6. After absorptioii of Carbon Dio\ide formed in ^ . . * 1 1*4 

f 
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The percentage volumes of carbon dioxide and oxygen are obtained 
'directly from the above data. The fotal contraction is 1 1-4 -0-9= 10-5 ; 
of this 11-4— io-8 = o-6 is due to 1;he formation of carbon dioxide, and 
since carbon* monoxide forms its own volume of carbon dioxide, on 
combustion, this represents 'the volumf of carbon monoxide present 
and not previously absorbed by the cuprous chloride solution. The 
total carbon monoxide js, therefore, 24-25 — 3-2 + o-6 = 21*6. Since'both 
2 volumes of hydrogen and 2 volumes ^of fcarbon monoxide require 
I volume of oxygen for combustioif, two-thirds of the total contraction 
represents the hydrogen and unhbsorbed ocirbon monoxide, and by 
subtracting the latter, the voIiKne of hydrr^gen present is obtained — 
(i 1-4 — o-px 5) — 0-6 = 6-4. The ’composition of the g^s is therefore : — 


Carbon Dioxide . . , . . . 3-2 

Oxygen . . ^ . . . o-o 

Carbon Monoxide . . . . .21-6 

Hydrogen . . ' . . . 6-4 

Nitrogen and some Meihanc ♦ . . 68-8 

V , - — 

' 100-0 


W. H. Sodeau’s modification^ of tht Orsat apparatus is designed 
for the analysis of mixtures containing small proportions of combustible 
gases, and is especially applicable to"^ the examination of chimney gases. 
It can be readily used in the stokehold, and in combination with a 
suitable high temperature thermometer it affords a ready means of 
determining the total chimney losses, including those due to unfiurnt 
hydrogen, which are usually ignored ; the efficiency of boilers can Jhus 
be ascertained. The distinguishing feature from the ordinary Orsat is 
the replacement of the cuprous chloride pipette ai^d palladium com- 
bustion tube, by ^an adaptation of the Winkler combustion pipette 
(p. 257). The apparatus is shown in Fig. 151. 

The combustion pipette may consist of two separate vessels, the 
combustion bulb O and the aspira'^or CR,^c\s shown in the figure, or it 
may be shaped somewhat like an ordinary' Hcmpel pipette for solid 
absorbents (E’g. 141, p. 266), provided witl\a straight instead of with a 
bent capillary tube. The bjlb 0 is provided with a spiral of platinum 
wjre 0-25 to 0-3 mnj. in diameter, attached to a,, pair of unlacquered 
brass electrodes, and heated 6y a current o| about 5 amperes, obtained 
either by meail-> of 'a 4- volt accumulator, using a short length of iron 
wire as a controlling resistance, or from a lighting .circuit, connected 
through a few lamps iir parallel^; water y used as the confihing liquid. 
A lens mounted oil a fitting* which slides on a vertical rod, gives 
increased accuracy in reading, owing to the elimination of errors of 

' (V 

4 ^ Chem. News, 1904,89, 61 ; ', 3 . P. 12225, 1906. 

( 
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parallax. The pipettes K and P are for the determination of carbon 
dioxide and pf oxygen respectively., ^ 

Analysis of chinmey gas. After determining the carbon dioxide, as 
usual, by means of the potash pipette K, the gas is parsed into the 
combustion pipette and the ci^rrent turned on for one to two minutes, 
when the gas is syphoned 
baclT and the contraction * 
measured. The carbon *di-* 
oxide produced by the com- 
bustion is then determined 
by a one-minute absorptk^n 
in the pipette K ; t];ie decrease 
in volume gives the percen- 
tage^ of carbon monoxide. 

Halfthe volume of the carbon 
dioxide produced Tepresents 
the contraction due to the ^ 
combustion of the carboif 
monoxide ; this value is de- 
ducted from th(j total coi\-*^ 
traction on combustion, and 
two-thirds of *the difference 
equals the percentage of 
hydrogen present. Only one 
aW-'bent is thus acquired for 
the analysis. The determina- 
tion* of the.se three constitu- 
ents C*an be co.r.fleted within 
fifteen minutes, and by means 
of appropriate curves the results can *bc stated ae ll»s. of air used 
per lb. pi Uiel, and lo.ss of* heat as unburnt gases, provided the 
composition of the fuel is appropcinjatcly known. For ordinary 

practical pin^poses, the ^^lietcrminatlon of oxygen is, therefore, 
unnecessary. It may, however, be carried out by 'Tieans of th^ 
pyrogallol (or phosphorus) pTpette P, either after the othef constituents 
— .h^fve been determined, in which case^ the^ amount consumed in the 
combustion is addedfor else im mediately, lafter the first determinatimi 
•of carbon dioxide, in whiclf case it is pee'essary to draw in a little 
and to re-measure the total volume before combustion. 

Ra^d hit estimation of carbon monoxide and hydrogen. As these 
two gas^s are, volume for volume, ofifncarly identical calorific value, 
it often suffices to n>ake a joint determination of the tevo, after 
absorption of tlie carbon dioxide. For this purpose it is necessary to 
employ a combustion pipetje #ith a movable reservoir, CR, as shown 
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in Fig. 1 5 1. The measurement after combustion is omitted, in order 
Jo save time. The large stopcock S is closed as soon as the gas has 
been driven over into the combustion pipette O. After combustion, 
the tap of the potash pipette K is opened, and the gas directly trans- 
ferred, by raising CR and filially closing; the tap of 0 ; after allowing 
one minute for absorpti'on, the stopcock S is opened, the residue drawn 
back into the measuring tube, and the tap of K closed. Two-thirds of 
the contraction ed^uals'the percentage „of ^“combustible gases,” />., 
carbon monoxide and hydrogen. , 

A simpler and more compact form of tlij^s apparatus is also made 
which is specially suitable for tlje work of m?.rine engineers. 

A modified Orsat apparatus, specially designed for the analysis of 
producer gas, has been* devised by Meyer.^ The measuring burette 
has a capacity of I20 c.c., and a platinum spiral combustion pipette is 
provided. , ' 

Runte’s Gas Burette- (Fig. 152) is a development of a simpler 
form of apparatus due to Raoult,;'^ and consists of a burptte A 
provided with taps a and of which b i.^ a three-way cock ; the burette 
is fitted with a water-jacket to project it against rapid changes of 
temperature. The space between the taps is rather more than 100 c.c., 
and is divided into fifths of a d;c. The ‘160 c.c. division coincides with 
the bottom of the tap b, and tfie 2;ero is 6 or 8 cm. above the lower 
tap a ; the divisions are marked for 10 c.c. below the zero. The funnel 
c is provided with a mark, and all measurements are made at atmo- 
spheric pressure, plus the pressure of a column of watpr, contained ijo to 
this mark in the funnel. The reservoir C, which can be attached to the 
bottom of the burette by a rubber tube as shown, serves to fill the 
burette with water, or an ordinary funnel may be used..^ 

The sample of gas to be analysed is introduced* by first filling the 
burette with \vator from the "reservoir C ; the taps q and b are then 
closed and the rubber tube from C detached. The three-way tap b is 
then connected with the gas supply, and the Sample drawn hnto the 
burette by running water out of the bottofr. tap a. Rather more than 
too c.c, of the gas is clrawn into the burette, and the adjustment to 
the zero mark' is then made by means of the aspirating bottle S. which 
serves for forcing water into the burette, or for withdrawing it therr- 
ffom. The rubber tube s i^ filled with water by 'blowing at t, so as to 
reynove all air, and whilst the water is stiV running out, it is attached ' 
to the tip of the burette at a. For the adjustment, the gas in the 
burette is compressed to about 95 c.c. by forcing water in frqm the 
bottle S. The tap a is then clos(^d, s detached, and the water (^autiously 
run out, through exactly to the zero rrark. ,The gas is now under 

* Z. angexvZChem., 19^'',, l8, 446. 2 Dmgl. polyt.J.^ 1878, 228, 529. 

• •* Comptes rend.^ 187^^, 82, 844. 
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excess pressure, which is corrected by filling the funnel c up to the 
mark with water, and then momeijtarily opening the tap b, when the^ 


excess of gas escapes 
through the water. The 
burette now contains 
exactly lOO c.c. of gas 
at trib atmospheric pres- 
sure, plus the pressure 
of the column in the 
funnel r. When the 
burette is filled by draw- 
ing the sample of’ "as 
through it with an 
aspijator until all the 
air has been expelled, 
the adjustment is made 
by con^^ressing the con- 
tained gas, by attaching 
the vessel C to the 
burette, and then ad- 
justing* as above. 

In order to absorb 
any one of the con- 
stituents of the gas, the 
absorbing liquid \§ intro- 
duced into the burette 
by first drawing off the 
watef below -*he zero 
mark by means *of S, 
the rubber tube..y being 
attached }he burette, 
after first filling it witA 
water. The t^Tp a is then 
opened, and by applying 
suction at /, the water is 
-“leadily withdrawn to a 
point a little above •the 
stopcock. The, suction 
bottle is then discon- 
nectei^^ tf^ burette re- 




moved £rom the clamp, ' i ^ 

an*d the lower end ip- • 


serted in a cup containing the absorbent, when oq opening a the 
liquid at once rises into tlje burette. The tap is then clo.sed and the 
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contents of the burette well shaken to facilitate the absorption of the 
gas. A further quantity of liquid i^ then admitted as before, and this 
is repeated, the burette being shaken after each absorption, until the 
level of the liquid in the burette remains constant. The pressure is 
adjusted by filling the funneF^ with watfr and opening the tap b, when 
a little wateV will entel the burette; the adjustment for pressure is 
completed by filling c to the mark with Water and then closing Mien 
the reading can be (!aken. # 

As the absorption liquids adhere to the walls of the burette, it is 
preferable to replace them by waWr before thr* final readings are tajeen, 
by removing the absorption li(}uid by means of the suction flask, and * 
replacing it by water, introduced through the funnel/:; after repeating 
this two or three times', the liquid is completely replaced by water. 
Another method is to wash out the burette by a steady stream of 
water, introduced thfough the funnel and run out 
through the two taps a and b bemg opened during 
the washing ; when the absorption liquid has been fully 
removed, the pressure^ ik adjusted * as before, and the 
reading taken. Further absorptions are effected suc- 
cessively by suitable absorbents j the composition of 
the solutions em‘ployed is given on pp. 241-247. 

After each aifjtly^is the burette shoukrbe thoroughly 
cleaned, as otherwise errors are likely to arise, especially 
in the determination of carbon dioxide, which may be 
either absorbed or produced by dirt present in^^^he 
burette.^ 

Honigmann’s Gas Burette — This burette is espicci- 
ally intended for the estimation of ca*^on dioxide in 
the carbonating gases of the ammonia-soda process. 

4 t consists of a^'measuring tube A (Fig. 153), of 100 c.c. 
capacity, closed at the top by the tap a, J'nd^open at 
the bottom, where a stout rubber tube is attached at b. 
The absorbing liquid is can'^ained in the cylinder C. 

The sample of gas is introduced through a, by an 
Fio. 168 . aspirator, and, after all air in the burette has been 
thus expelled, the tap is closed and the burette immersed to the zero-- - 
m'ark in C, which, is filled with a solution of potassium hydroxide; the 
tap a is then opened momentarily, and t-xactly 100 c.c. of gas, at 
the atmospheric pressure, is obtained. The absorption is effected by 
first immersing the burette somewhat lower in the solutiok*', set'as to 
wet the sides with the, absorbent, and th^n drawing it out, so^^hat the 
bottom of* the rubber tube remains in the soluk’on, whilst the burette 

* C/. F. Fischer, Zi angew. 1890, 3, 599; Hald .ne, Methods of Air Analysis^ 1918, 

pp. 39-42. . ’ 
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is raised o^ier the edge of the cylinder. The potassium^ hydroxide at 
once begins to enter the burette, and after agitating a few times the 
absorption is rapidly completed. ’The burette is then placed in the 
liquid, so that the inner and outer levels are the same, and the reading 
taken. The method is not orje of great ‘accuracy, but it is extremely 
simple and quick. ' 

Pfeiffer’s Gas-Analysis Apparatus.^ — The following considerations 
have been advanced by Pfei/Ter with regard io thej method of analysis 
adopted, more especially with hi? apparatus. The errors that may 
arise in the estimation o^ carbon monoxide by absorption with cuprous 
**chloridc are not altogether overcome by using a second absorption 
pipette, as a partia*! absorption of the residual gases, other than carbon 
hionoxide, may pos.^bly occur. Pfeiffer theitfore considers that it is 
both simpler and more accurate to estimate the carbon monoxide by 
explosion simultaneously with \he hydrogen and methane. He also 
prefers to oxidise dhe hydrogen and m.ethane together,' rather thgin to 
adopt.the method of fractional ccunbustion. From these considerations 
the course of analysis adoptef:! consists in the successive estimation of 
the carbon dioxide, heavy hydrocarbons, oxygen, and possibly the 
hydrocarbon vapours by absorption, and the combustion of the residual 
carbon monoxiSe, hydrogen, ^and methane. By estimating the carbon 
dioxide foiwd, the total contraqtioiJ*, and the residual nitrogen, after 
the removal of the excess of oxygen by means of phosphorus, the 
necessary data for calculation on the fines described on p. 258 are 
q^^ained. A cciinplcte analysis of coal gas can be carried out by this 
method in three-quarters of an hour, and very accurate results, it is 
stefted, can be obtained. 

The appar'^tus consists of the burette and levelling bottle (Fig. 154), 
two or three absorption pipettes (Fig. 155), a phosphorus pipette, and 
an explosion pipette (Fig. 132, p. 254). * » » 

The*bnj-ette B, which serves as the measuring tube, is provided 
with a stopcock b, aftd funnel, and is attached to the pipette P, as 
shown ; the •capacity of the burette ‘is 100 c.c. The lower end of the 
burette is connected by the rubber tubing S,Vith the, levelling bottle 
N, of 300 c.c. capacity. Water acidified with 0-5 per cefft. of sulphuric 
. acid is used as the confining liquid to prevent the absorption of 
carbon dioxide and*to take up ammonia yapour after the absorption of 
the hydrocarbon vapours.* ^ 

The absorption pipette, which permits of the re^acement of the * 
gas i» tlje capillary connecting tube by water, is sh*own in Fig. 155, 
the caj;)illary side tube I* bejng conn(fCted to The burette ; by altering 
tJie position of the sjtopcock /, in a manner wliich can be ^iiadily seen 
from the diagVam, water niay be run from the funnel /^into the capillary 

^ J^Gafbeltucht,^ 1899 , 42 , 209 . 

• * • 
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r, and the air expelled before connecting with the burette ^ and when 
drawing the gas back to the burette after absorption, the absorbing 
Ifquid is allowed to rise only to tlw stopcock /, after which, by turning 
the latter thr#{jugh an angle of 90", water is run from the funnel t into 
the capillary c, thus forcing the gas which^emains in it into the burette ; 
this operation is carried out before each reading. In place of the 
wooden or metal stand used by Hempehothe tube is bedded in a sheet 
metal case by meant of paraffin wax or pl^^ster of Paris. 

The burette B is first filled conj.pletcly with water by raising the 




levelling vessel and opening the stopcocks b and l\ and the sample then 
drawn in by lowering the levelling bottle in the usual mfinner, untH the 
volume of gas is a little below the zero mark ; the stopcocks kre then 
closed, .and the levelling bottle again raised. T6 measure off exactly 
100 C.C., the lower stopcock is carefiilly ope^i^ed and the Water allowed 
to rise to the ^true zerd ; the upper stopcock is then momentarily 
opened, and tl>c volume checked in the usual' manner with the levelling 
bottle N. In the first readihg the zero lies as much below the zerev* 
ma^-k as is equivalent to the, content of the capillary at b, since the 
latter is filled with water in 'the subsequent measureipents and the 
* lOO c.c. graduatidn is at the lower end of the capillary. This correction 
(generally 0-2 c.d.) is, therefore, determined once for all as f^llov^s : — 
Air is introduced into the burette^ to abouf the division 90, theq water 
until the c^illary at b Vs filled, the stopcoj'ks clqsed, and the reading 
taken after two minutes ; meanwhile the water is compleVely removed 
from the capillary tube of the stopcock, t^ie ‘vater then run out of the 

( ‘ • 
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capillary ii>to the burette and another reading taken ; ^he difference 
between th^ two readings gives the capacity of the capillary. It is 
advantageous to use a meniscus scrjcen, such as that of Gbckel (p. 36), 
in taking the readings. « 

An improved form of bu^jette desigr/ed by Pfeiffer/ especially for 
the analysis of coal gas, is shown in Fig. I56,mnd as arranged for the 
explosion of the combustible gases in Fig. 157. The bulb at the top of 
the burette is connectec? by. a narrow tube 'to thp lower bulb, which 
latter is provided with a mark 7;/, which serves for measuring off the 
gaj residue taken for combustion. ■* ’ ■ 

*^he total capacity of ths burette 
between the two stopcocks is 
Sufficient to contain'the volume of 
^ air requisite for the com- 

bustion of the above ^ils 
residuok. The relative 
capacities of the two 
spaces, for coal gai and 
for carburetted waj;er 
gas, should be a^out 1:5. 

The capacity of the 
burette to m is markecj 
(R), also the total ca^ 
pacity (J), and the 
voluipe of nitrogen con- 
tained in J when filled 
with air, N^, 


V 





Carbon Dioxide. The 
pipettb (Fig. 1 55, p. 282) 
is fijled up to the tap 
^ith potassium liydrox- 
ide, and ft connected 

with the bhrette as sh®'*^n in f'ig. 154. The stopcocks of both 
the burette and pipette are turned to the position^ in which the 
two funnels communicate with cach^ other, water potired into one 
of them to expel the air from the connection h-s-p, the stopcocks 
of the pipette aifd of the burette tipined tUrough 180°, and 4:he 
gas tran.sffirrqd from thpe burette into the pipette. While it is 
passing over, the contents of the pipette are shakeTi for a moment, ' 
so to^mix the water from the capillary connections with the alkali. 
As sqyn as the water feacV.es the jjjjtopcock the burette stopcock b 
is closed ; the absorption is complete in one minute. The^gas is then 
syphoned back to the burette by lowering the levelling bottle until 
^ Cllf/fl.f 1907 , 20 , 22 . 

• * • 
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the alkali reaches the stopcock p of the pipette, which is then turned 
through i8o°, and the gas in the capillary, washed opt as before 
by means of the water in the pipette funnel. The burette stopcock b 
is then closed* and the reading taken as usual, after allowing to stand 
for one minute. f 

Benccne Vapour, — This is absorbed with ammoniacal nickel cyanide 
solution (p. 242); after shaking for threb minutes (it is preferable to 
facilitate the shaking* in ^his case by detaching the pipette^ the residual 
gas is returned again to the burette where the absorption of the 
ammonia vapours is effected by •the acidulated water used as the 
confining liquid. As a check, about 0-5 c.c. •v)f fresh acidulated water' 
is introduced into the burette from the pipette funnel. 

Total Heavy ITydrocai^iums, or only ethylene if l^enzene is previously 
absorbed, are determined by absorptiejn with bromine water, and the 
bromine vapours subsequently removed by potassium hydroxide ; three 
minutes, with ffeejuent shaking, is necessary for the absorption. 

Oxygen is estimated in the phosphorus pipette. The capillary.space 
between the pipette and burette is cleared by forcing the water from 
the pipette into the burette funnel by attaching a piece of rubber tubing 
to the open end of the pipette and blowin^,'^. 

Carbon Monoxide, Hydrogen, Methane, and Nitrogen. The explosion 
pipette (Fig. 132, p. 254, and Fig.Msy., p. 283) is used for tfie estimation 
of these gases. In the analyses of coal gas, from 20 to 22 c.c. of the 
gas left after absorption, which requires about five volumes of air for 
combustion, is first measured off in the burette by allowing the exeats 
to escape; since, in doing so, the capillary at b is freed from water^ 
its capacity, as determined, must be added to the reading. The 
burette and explosion pipette are then connected, the atr in the con- 
necting capillaries displaced as described above, and the gas passed 
over. The exp^osien pipette Is then disconnected ai?d the burette 
filled with air. The air is then transferred to the explost^n' pipette, 
the water allowed to rise as far as^the bulb of* the pipette, the stop- 
cock a is closed, and the small Quantity of water remaining in the 
explosion chamber A withdrawn into the reservoir B, so that only 
the V-shaped •connection remains filled with water; the stopcock b 
is then closed. The mixture is sparked in the usual manner, the*^ 
pipette stopcock carefully opened so that the endosed water comes 
bacl^ into the explosion chainbe^ slowly, aild the residual gas, con- 
‘sisting of nitrogen, carbon dioxide, and a little oxygen, passed back 
into the burette. ’* , 

The carbon dioxide formed ii^i the cambiistion is then absorbed 
with potassium hydroxide, and the excess of oxygen with phosphorus, 
whereby a direct picasurement of the total nitrogen, inclusive of that 
added as air, is obtained. 
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Bone c^nd Wheeler’s 'Apparatus. — This apparatiis/ which is 
exceedingly convenient for the rapid analysis of all gases met with 
in gasworks* is a simplified form oLthe apparatus employed by Bone 



for research, “ which was in turn a modification of the Frankland 
appafatirt, including alterations introduced by.Macleod and Dixon. 

, Th« arrangement of thef various* parts of.the apparatus is shown 
in Fig. 158. .It comprises/ essentially, three parts, viz. (I) a water- 

1 /. Soc. Chem. Inti., 1908,^27,^0. '•* Proc, Chem. Soc., 1898, p. 154. 
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jacketed combination of measuring and ^pressure tubes, » A and B, 
communicating, through the glass tap, C, with the mercury reservoir, 
£) ; (2) an absorption vessel, F, standing over mercury in a porcelain 
trough, G ; ('3) an explosion tube, E, fitted with firing wires, and 
connected with a separate mercury reservoir, H. All the connections 
between A, E, and F are of capillary bore, with suitable glass taps 
where necessary. The diagram also shows how connection is made 
between the measii-ing tube. A, and the, special “sampling tube,” K, 
when the latter is employed for^ the introduction of the sample 
under exainination. The sample*^may also,.be introduced into ^the 
apparatus from an ordinary test tube iirserted under the wide*^ 
open end of the absorption vessel, F, filled with mercury. Before 
commencing an analysis, the whole of the apparatus, includinjV 
all the connections between A, E, and F, is completely filled with 
mercury, and all the subsequent 'b^perations are conducted over 
mercury. ‘ ‘ " 

The various parts of the apparatus<ire suitably mounted on a .strong 
wooden stand (oak or teak), with four vertical steel >^ods supporting the 
shelf upon which the mercury trough, G, rests ; the same rods also 
carry another shelf for reagent bottles. '^.,The rncrcury reservoir, D, 
can be raised or lowered (to the grounc} level, if required) by means 
of a wooden carrier with suitable, pulley and ratchet' wheel. The 
whole apparatus stands in a wooden tray 2 ft. 4 in. by i ft. 6 in. with 
I in. raised sides. 

The salient features of the working of the apparatus are ^s 
follows : — 

(i) The principle of measurement is that first introduced into 
gas analysis by Regnault, and subsequently adopted by Franktand, 
viz., the measurement of the pressure of the gas (in mm. of mercury) 
at constant volikme4> For this purpose the gas is brought to a certain 
“ constant volume ” mark in the measuring *tube, A (by suitable ‘manipu- 
lation ' of the mercyry reservoir D and the tap C), and its pressure 
read off on the pressure tube, B. "There ars* a series of siich “ constant 
volume” marks on A, each coinciding with a 100 mm. mark on the 
pressure tubd^ B (;>., with o, 100, 200, etc?, mm.), so that the actual 
pressure of the gas is given by subtracting from the “pressure read^ • 
ing ” the numbers o, 100, or 34 o, etc., according to thb particular constant 
volume mark selected for the analysis. The <ubes A ayd B are made 
in one piece, and arc surrounded by a water-jacket, and their inner 
surfaces are kept moist with very dilute sulphuric acid (i ii;i 20^ as a 
precaution against the accidental^ fouling i of the measuring tu^e with 
alkalis; the wetting of A and B with the sameTiquid eliminates the 
influence of water vapour upon the gas measurements, the various 
pressures representing tHosc of the dry*ja^ under examination. The 
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tap closing Jthe upper end of the pressure tube is conne:ited with it by 
means of stout rubber pressure tubing, a device which gives a perfectly 
tight joint with sufficient elasticity to prevent fracture in case the 
mercury in B is inadvertently allowed to run up the tube with unusual 
velocity. This tap also allows of a vacuum being easily made in B 
whenever necessary. The advantages of th\s mode of measurement 
over the more usual method of determining the volume under atmo- 
spheric pressure are twofold, viz., (a) it allows o” the use of smaller 
volumes of gas for an analysis; thus from 5 to 10 c.c. of gas can 
be^made to have a pre.‘isure of ido mm., according to the particular 
%olumc mark selected, and this pressure can easily be read off 
to within 02 mm. without employing a telescope; and (d) the 
Tneasurements are, of course, independent ^of readings of the baro- 
metric pressure, and at the same time are unaffected by the tension 
of aqueous vapour. ‘ 

(2) The length of the pre.ssure tube, B (about 700 mm.), amply 
provides for the proper dilution of the “ explosive mixture ’’ in an 
explosion analysis, even in the case of a rich gas such as coal gas. 

(3) The arrangements for ihe various “absorptions” arc simple, 
all being carried out over ^ycrcury in the one absorption vessel, F, with 
a comparatively small volume of the particular reagent, which is always 
used fresh and is at otice discarde^l alter use. 

To facilitate the introduction of the various reagents, and the rinsing 
out of the absorption vessel with water or dilute sulphuric acid in situ 
Ij^dween each s4iccessive reagent, the wide (open) end of the vessel is 
immersed under the mercury in the trough, G, whilst the top terminates 
m*a capillary three-way tap. One of the parallel branches of this 
tap*'communicatcs through a stout rubber joint, with the measuring 
vessel. A, and \hc other with a water pump, a large bottle being 
inserted between the pump and the ’absorption .vcrsel to serve as 
a trap Toi^ either the mer«ury or the reagent which is being dis- 
carded after use. The insertion of a^tap between the pump and the 
bottle obviafes the neces^ty of the'eontinuous exhaustion of the latter, 
a single exhaustion at the outset of an analysis being all that is 
required. , 

• From 2 to 5 c.c. of the reagent to be used is introduced into the 
ab.sorption vessel (previously filled witht^^ercury), by means of a suit- 
able pipette, frgm below the surface of^the mercury in the trough, -^ny 
minute bubble of air accidentally introduced with the reagent can be 
got mi o^ by cailtiously opening the branch of the tap leading to the 
above -jpentioned exhausted, bottle the -same device allows of the 
complete withdrawal, of the reagent after use, without ta^png down 
the absorption vessel, and also of the rinsing out of the latter tn situ 
with water, or dilute sulph&ric, acid, before the next reagent is used. 
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The appamtus is arranged for fixing at the right-hand end of the 
laboratory bench, the guide rail for the mercury reservoir D being 
Extended to the ground level. A ivater supply and suitable waste pipe 
are required 'Tor the circulation of water through the water-jacket 
surrounding the measuring and pressurp tubes, and a filter pump for 
evacuating the large bottle used as a trap for the waste reagents and for 
any mercury carried over with them. 

As the gas duriij-g the analysis is for the most part under consider- 
ably less than atmospheric pressure, it is essential for accuracy that the 
stopcocks should be perfectly tight; provided .that care is exercised in 
their selection, and that they a,re carefully ikbricated, no difficulty is^ 
experienced in this respect. A suitable lubricant is prepared as 
described on p. 235. dn cleaning the stopcocks a soft linen ra^ 
should be used, to avoid any abrasion of the ground surfaces. After 
each analysis the apparatus should ^be washed out with 5 per cent, 
sulphuric acid. 

In the analysis of illuminating gas, the sequence of operations is 
similar to that adopted with other foRnis -of apparatus. The carbon 
dioxide is best absorbed with 25 percept, potassium hydroxide solution, 
and the heavy hydrocarbons with a soluvjon of bromine in aqueous 
potassium bromide, followed by potassium ^lydroxide. For the absorption 
of oxygen, 5 to 8 c,c. of very conC^ittated potassium hydroxide solution 
is first placed in the absorption vessel, and then 2 c.c. of pyrogallol 
solution (i oz. in 100 c.c.). For the carbon monoxide, two absorp- 
tions with 8 to 10 c.c. of the solution of ammoniacal r.uprous chloride, 
made up as described on p. 243, are made, and the gas washed with 
5 per cent, sulphuric acid. ' ’ 

The whole of the residue is then mixed with at least twice its own 
volume of excess oxygen ^ or air (the quantity of gas originally 
taken must alUjw .of this being done). The gas is^, transferred to 
the explosion tube, fired in the usual maivaer under reduc(:d pressure, 
then drawn back into the measuring vessel', and the contraction 
determined. The carbon dioxide formed- by the explosion of the 
methane is thep determined by absorption with potassium hydroxide. 

The follo\^Ing table shows the method bf recording the results in 
an analysis of coal gas: — 

, V = Constant volume rrujrk selected on measuring tube. 

• R -= Reaffing of barometer ^ube when gas is brought to the constant 

vglume mark selected. Hence, R - V = pressure of gas. 

T -= Temperature of water-jacket. * *'■ 

C Contraction 911 explosiof . 

A ^ Absorption by potassium hydroxide after explosion. 

^ Conveniently prepared by tlje interaction of a solution of hydrogen peroxide and a $ jxir 
cent, solution of potassium permanganate. 'i ‘ 
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Coiislaul 



— 

t 


Mark, 

T. 

R. 

Diffprence. 

RemarkK. 

• 

V. 


0 


i 

Original gas 

0 

15“-2 

* 

168-0 


Gas taken -liS’O. 

After KOH . 

0 

15°-2 

164-0 

4-0 

CO..-- 4-0 X 100 -MGS -0 

„ Br . . 


• 


* 

— 2-4 per cent. 

0 

15” -2 

158T 

5-9 

<C„IL„ = 5-9x^00-M68‘0 






= 3-5 per cent. 

,, Pyrogallol 

0 

15”-2 • 

157-6 

0-5 ^ 

p 

CO 

0 

0 

0 

X 

p 

0 

11 

0 

,, Cu^CL . 


• 



% —0*3 per cent. 

0 

15”-2 

143-3 

14-3 

CO-14-3X 100 -M 68-0 




• 


^ = 8 '5 per cent. 

Oxygen added . 

« 1 

0 

^15”*2 

588 4 

... ^ 

CIT j-52-9x lOoV 168-0 

After explosion 

0 

♦5” -2 

359-5 

• 228-6C[ 

- . 31-5 i-^er cent. 

11 -5(228-6 -2 X 52-9) X 100 

^ „ KOH . 

• ' 41 

15” -2 

.306 -a 

.52 -DA 

-M GS'O — 48‘7 per cent 


Vhcrefore : — ^ 

CX\, 2.4«pcr cent. * ; . CO = 8.5 per cent. 

•- 3-5 » I • CIIj - 31.5 

O.j --- 0.3 • „ • • ' lU -• 48.7 ,, 

No (by differei^icc) ^ 5.1 per cent. 

• • • , 

Haldane’s Apparatus. — Haldane ^ has devised two forms of appar- 
atus'-^^ which luive found wide application, more especially for the 
analysis of mine air. 

The larger form of apparatus, which gives the more accurate results, 
is^shown in I^g. *159. When mine or other air is being investigated, 
the sample is collected in a 3-oz. bottle (about 90 c.c.). The stopper 
is'greased with vaseline, and during transport is held firmly in position 
by an elastic band^. The bottles must be dry and clean. They should 
be cleaned with a brush, rinsed with clean (preferably distilled) water 
and dtied comp^tely. (Alcohol, ether, etc., should ifot fee used for this 
purpo.se^ as 4 'Vaces may cause Serious error.) 

To introduce the sample of g^ iijto the apparatus, the boftle is 
inverted in a mercury t^bagh and the stopper removed, under the 
surface of the mercury, by means of a pair of crucibk; tongs. The 
sample is then drawn in through a curved tube attached at C. The 
gas-burette A is about 32 in. (800 ,mmj long, and is provided at 
the top with a threS-way tap. Its upper^vide f^tirt.is about 25 mfn. 
in diameter and#has a capacity of abouj; 15 c.c. The graduation, which 
is to o«oi C.C., extends down the narrow part, which is ^-5 mm. in bore, 
from ijPboii/; 15 to *21 c.c., the capacity being measured from the tap (not 
in^ludigg its bore) to the upper surface of tj\^ mercury. There are 

• • 

^ See Journal of^hysiolog)\ 1898, 22, 466. 

“ These are supplied by Messrs| Siebe, Gorman & Co., •187 Westminster Bridge Road, 
London. * 
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also marks at the initial 5 c.c. on the wide part. With this burette 
k is possible to read the gas volume without the aid o^ a telescope, 
correct to o-ooi c.c. A water-jacket surrounds the gas-burette, and 
the water is mixed by blowing air through a glass tube passing to the 
bottom. The burette is connected by means of thick-walled rubber 
tubing of about 3 mm. bore, with the levelling tube B about 15 mm. 

wide, and by raising or lowering 
this tube, gas is expelled from or 
drawn into the burette, and the 
pressure of the gas adjusted. ^ 
One of the thrcc-way connec- 
tions, C, of the tap on the burette 
is used for taking in the sample, 
and the other connects with ab- 
sorption and combustion pipettes 
arranged as shown. The absorption 
f)ip .ittes E and F arc about roo mm. 
by 30 mm., and F is filled with 
glass tubes to increase the absorb- 
ing t'bi'face. The glass tubes which 
lead from them must have a bore 
of about 2 mm. E is filled with 
caustic potash or caustic soda 
solution (about 10 per cent, strength 
usually, unless ga.^es such as nitrons 
oxide, which arc very soluble in 
water, are present, when a concen- 
trated solution is employed)’ and 
is connected with the movable 
reservoir S by black rubber tubing. 
F contains alkaline py^ogallate 
solution. G and H, each of about 
30 c.6. '.capacity, arc partly filled 
with the strong potash solution, 
to protect tfic pyrogallatc solution from oxidation and to prevent 
it from becoming gradually diluted with water. 

The pressure in fne bufvrtte is adjusted by using the potash pipette 
as a pressure gauge and bringing the surface of the potash before every 
reading of the burette exactly to the mark M. The control tube N, 
standing beside the burette in the water-jacket, is employed to make 
the readings of gas, volumes entirely independent of chrnges of 
temperature, barometric pressure, and percentage of moisture during 
the analysis. The connecting tubes from are of the same diameter 
and about the same length as those fi unv the burette. A three-way 
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tap at P enables N to be connected with the atmosphe/e. By means 
of the X-tube O the potash solution is brought into connection with 
At the commencement of the analysis, the potash solution is adjusted 
to the mark R by raising or lowering the potash reservoir S, P being 
meanwhile open to the air. P*is now turfied so that the control tube 
is connected with the potash tube only, and is hot again opened till the 
analysis is complete. Each Wme a reading of the burette is made, 
the potash is brought to*the«mark R by raising o^ lowering S. The 
potash in the absorption pipette is *then brought to the corresponding 
^mark M by adjusting th(? levelling tube. Readings of the burette are 
thus compensated for vari^ftions of temperature and barometric pressure, 
vvhich are thus always adjusted to tliQse initially ruling in N. The lower 
part of the control tube is kept full of water, and the inner surface of 
thcmburette is kept moist, so that^ gas in the burette and coiyfrol tube 
is always saturated with water vapour. ‘The water us^for moistening 
the inside of the “burette shbuld be sKghtly acidified with sulphuric 
acid ift case alkali derived fr|)m* the gla.ss should render it alkaline. 

If the burette is allowed to become dry, appreciable errors occur. 

The combustion pipette T, which is filled with mercury, is about 
8o miij. by 30 mm., aaid coiTtfVns a spired of three turns of fine platinum 
wire which c;^n be heated by curr^uit from a four-volt battery, a 
rheostat bemg also included in the circuit. The pipette is closed 
below by a cork soaked in paraffin, so that the platinum spiral may 
easily be removed when necessary. The cork is secured by wiring 
tci prevent it bciilg driven out by an accidental explosion in the pipette. 

In general, at the commencement of an analysis, it is necessary to 
fin the capillary connecting tubes with nitrogen, that left at the end 
of a previous anal,ysis. The pyrogallatc, mercury, and potash solution 
are successively adjusted to the marks ^D,V, R, and M. The control 
tube tapjs then^closed to the atmosphere. The exT:css* of nitrogen in 
A is e¥pclK:d througl; C and the gas to be analysed measured off 
in A. Carbon dioxide is absorbed Qr^jt. As the mercury cannot be 
allowed to pass beyond tli 5 tap on the burette, the sample must be 
passed backwards and forw^ards two or three times to cl£a/-any carbon 
dioxide from the connecting tube. • . 

• When the sample contains only 4 :rac«s of combustible gases, the 
^ combustion is effected in X without cltfiition o*f tke sample. Tjie 
contraction on c^mbustion*is noted ar*d the carbon dicpcide formed 'is , 
absorbed in the usual manner. Residual oxygen is absorbed in the 
pyrogJllate pipette F. If the oxygen content, of the sample is to be 
de|ermi«ed, a separate analysis, omittkig the combustion, is performed, 
and the oxyge^^ consumed in the combustion determined by cKfference. 
Methane, hydrogen, and cajbon monoxide ar^ deterrrftned by calcula- 
tion from the results as aWeady ej^plained (p. 248 et scq.). In many 
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samples of Aine air, methane is the only combustible ' constituent 
present; the analysis is then considerably simplified, as^the oxygen 
used in the combustion may be Calculated and added to the residual 
oxygen found by absorption. 

When the sample contains much methane or other combustible 
constituent, it must be 'diluted with air before combustion. In such 
case, nitrogen present f^'om the previolis analysis should be passed 
into the explosion (Pipette. A sample of gas is taken and a preliminary 
determinatjou of the carbon dioxfde and oxygen present made, so 





that the methane present may . be approximately estimated. A 
mixture of air and ga,s is then made so t^iat not more than 6 per 
cent, of methane is present in the mixture. At least 15 c.c. of one 
constituent must be taken in-order to permit accurate measuicment. 
Before the air and gas are measured, the residual gas from the 
preliminary analysis*' is s'Ar<I?pt from the apparatus by means of air, ^ 
, aft.er which the connecting tubes are cleared of air by means of the 
nitrogen stored in the combustion pipette. The necessary air is 
drawn into the pipette, deprived of carbon dioxide and measured ; 
this is stored in the potash pipette whilst the gas is drawn -into the 
burette a?rtd approximately measured. (Bcforc^this is, done, air must 
be expelled from the tube C by means of mercury from A.) The air 
is returned to the burette and the mixture measured ; the accurate 
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volume of gas taken is determined by difference. Thej analysis then 
proceeds as usual. 

The apparatus although prinrfarily designed for the analysis el 
mine air is capable of general application where any particular gaseous 
constituent in a mixture, diluted with ^air or other gas, has to be 
determined with an accuracy of from 0 005 to o-oi per cent. 

A smaller and easily portable form of Haldane’s apparatus is 
shown in Fig. 160. The* apparatus is contaKied i|i a wooden case of 
internal dimensions 20x12x2^ in., which can easily be shut up 
ai^d transported. It is^ well to ci)rk the open tops of the mercury 
• and potash reservoirs d^iring transportation, in .case the apparatus 
falls over or is laid on its side. The principle adopted and the method 
ftf use are exactly tKe same as in the larger apparatus. 

In a further simplified form of the apparatus intended for the 
determination of small quantf^ies of ^carbon dioxide onlj^jAlre com- 
bustion and pyrogallate pipettes are eliminated. ThrEr ‘manipulation 
is sub^stantially as described abqve. l^urthcr details will be found in 
Haldane’s Method^ of Air sis ^ ^918, PP- 67-76, where a number 

of other modifications of the orii^inal apparatus are also described. 

Jaeger’s Apparatus. — Xhe method of analysis adopted by Jaeger^ 
consists in the estirnation ot carbon dioxide, heavy hydrocarbons, and 
carbon monoxide by ab.sorption, follo^^ed by the fractional combustion 
of hydrogen and methane over copper oxide at different temperatures ; 
as no air is added for the combustioh, the whole of the residual 
^as after the absorptions can be used for the estimation of these 
constituents. A further advantage of the method is that the nitrogen 
can be determined directly. 

The apparatus is shown in Fig. 16 1. The burette is a modified 
form of that of BTinte, narrowed at the top to permit of more accurate 
readiiigs and provided with a side exit <ube ; it is (yiclqsed in a water- 
jacket. • TJ;ie absorptions aje carried out with pipettes in the usual 
way. For the fractictnal combustion of the hydrogen and methane, 
the copper Oxide tube (Fig, 136, p.*26o) is connected up with short 
pieces of rubber tubing, s^, s.^, bound with wtre, to a Hempel pipette 
filled with potassium hyck'oxide solution on the one sfde, and with 
the side tube of the burette on the other? Below the combustion tube 
is placed the Bunson burner provided %\th a special regulating J;ap 
• and a fan-shaped top. A framework Of sheet iron attached to •the 
burner carries a cover in which a short thermometer graduated up to * 
270° k fixed so <hat its bulb lies close to the side oT the combustion 
tube. At the beginning 'of the test the solution in the pipette is forced 
up to the mark ;// of the capillary by*blowing*flirough the tube when 
the upper bui^ette cock is in position I. ; the stopcock is tfien closed 

^ y. Gasheleiicht.^ l8^8, 264; Z, angexv, cTiem.^ 1899, 12, 173, 
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with a quartet turn (position III.), and the' tube slowly he<}tecl to 250'’ 
and kept at tnis temperature with as little variation as possible. As 
s^oon as this temperature is readied the upper stopcock oY the burette 
is opened (p^^sition II.), then the lower one, and the levelling bottle 
^ raised. On passing the gas 

, ^ slowly from the burette to 

fj , the pipette and back again, 
i * n the hydrogen is completely 

^ ^ ^ ^ rf I J L oxidised. After cooling, the 

^ ' fv— J— vn water in the p'pette is again 

|;)rought to the mark vt anc^ ' 

* the residual gas measured. 

JL L' L ' The 'correction to be 

C a L J applied for the oxygen ot 

H ^ j PI «7 the air initially enclosed in 
I, ^ ^ the combustion tube, which 

I , participates in the oxida- 

1 1 ' : - li ^ ^ hydrogen, is 

made once for all by filling 

, burette with pure hy- 

^1 ~ ^^ 1 = 3 / ®**droge?i af\d deterndning 

1 » I the value of rfie correction ; 

:] '* it is approximately 0-5 c.c. 

^ ! and is to be subtracted 

-1 from the hydrogen contrac- 

3 ! tion found. The correction'll 

t must also be added to the 
volume found for nitrogen 
at the end of the analysis. 
For the subsequent 
, combu.stion of the methane, 
the ' cover with fnermo- 
^ iTieter is remo^/ed, the tube 
nfeated with a more power- 
Fia. 101. Tul flame to a bright red 

' ' heat, and the gas repeatedly 

passed over the copper oxide^t^ll noTurther decrease in volume takes place. 
The carbon dioxide formed b} the combustion is retained in the alkali - 
pipette ; the dcCfca.se in volume, therefore, corresponds directly (without 


correction) to the methane present The residual gas must be allowed 
to cool to the temperature of the room before taking the final heading. 

The incombustible ’■gas residue, increased by the volume*'*of the 
oxygen previously enclosed in the copper oxide' tube and afterwards 

consumed (correction valte), gives the nitrogen content of the gas. 

> 
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For the determination of the percentage of nitrogen only in a 
sample of gas, the latter is placed in the burette, the copper oxide tube 
at once heafed to a high temperafture, and the gas passed backwards 
and forwards into the potash pipette until uo further contraction 
occurs. All gaseous constituents other than nitrogen are thus com- 
pletely removed, and the residual volume* of ^as, read after complete 



Pia. 162. 


cooling, plus^the correction Jfor the •ox;^gen content of the copper oxide 
tube, gives directly the amount of nitrogen ifi the gas, and its per- 
centage if 100 c.c. have bten taken. When many sucli tests have’to 
Ije made, it is convenient to displace tfie*air in the copper oxide tube 
by nitrogen previous to the test ; theif no Correction is necessary. . 

• After each test the cc^per oxide tube must be Ifeated in a current 
of air to re-oxid’isc the reduced copper? • 

Tlje results i^btained by this method are satisfactory as regards 
accuracj^.* The combustion of the methane is* however, very slow, and 
varies greatly according to the physical conditiW of the oxide of copper. 
The ^'Mettogas”^ Apparatus. — K. V. Evans ^ has described a form 

1 Gas WorU , 1911^ 55^ 814 ; /. Gas Ltghut ^, 1911, 116, 819. 
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of apparatus ^nabling the method of con>bustion with cupric oxiue to 
be applied very conveniently to the determination of the nitrogen in a 
gaseous mixture, more especially inMlluminating gas. ^ 

The appc^ratus,^ Fig. 162, consists essentially of a graduated burette 
A containing sodium hydroxide solution, an acid burette B con- 
taining acidulated water, a quartz tube C containing copper oxide, a 
sampling burette D containing acidulated water, and a CO., generating 
apparatus E. ^ ^ 

The apparatus having been proved gas-tight, all air is expelled 
from the quartz tube and capilltry connecjtions by carbon dioxide. 
The sample of gas, is drawn into the burqttc D and measured at if 
determined temperature ; it is then pas.sed slowly through the tube C 
heated to redness, into*the burette B. The gas^ is' passed backwards 
and forwards in this manner between B and D several times, after 
which^bsi.residual gas is completely sy^ept into B by means of carbon 
dioxide. Thir\<'!'opcock H is closed and the mixture of carbon dioxide 
and nitrogen is transferred to A tg absorb the carbon dioxide and 
measure the nitrogen. If necessary, coriection is made for the differ- 
ence between the temperature of the^ nitrogen in A and the original 
temperature of the gas when measured in.D. 

Balcon^ and Smith ^ have described modifications of the Bohe and 
Wheeler apparatus (see p. 285 whereby nitrogen may be directly 

determined in a somewhat similar manner. 

3. Special Methods of Determining Certain' Constituents 
IN Gaseous Mixtures, more especially in Crude and 
Purified Illuminating Gas. 

Some of the constituent gases and vapours present in certain 
gaseous mixtuces, eg. in illuminating gas, cannot be readily determined 
by the methods of volumetric gas anal^^sis already deiTv^ribtd. For 
some constituents, such as ethylene, there is "no specific absorbent 
apart from those for other heavy iTydrocarbons ; the qualitity of some 
others, such as naphthdlene and carbon bisulphide, is too small to be 
determined 'uy the diminution in volume* on direct absorption. In 
such cases, special gravimetric, volumetric, or colorimetric methods 
are employed. . ^ 

“Examples of fltration methods are described for the estimation of 
* suTphur dioxid 5 on pp. 393-4CX)'’ of hydrochloric acid on pp. 514-516, 
and of chlorine' on pp. 586-598, etc., in the Sections devoted ^0 the 
industries in which they are mostly employed. 

In making tests with' crude gas, certain precautions must be" taken 

^ Made by Messrs Townson and Mercer, Camomile Street, E.C.3. 

2 / Gas Lightings 1913, I2I, 102. ^ ^ Gas Worlds 1919, 71, 342. 
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if results of any reasonable degree of accuracy are to be obtained. The 
interior surface of the mains of the manufacturing plant is usually 
coated with\ar and ammoniacal li^^uor or water, and if gas be taken far 
such tests from a cock on the main, or from a small service pipe leading 
from the main, the slow stream of gas employed in making the test is 
largely drawn from that traveling along t^ie surface of the main, which, 
by tlie action of the tar and liquor on that surface, is often materially 
altered in composition a^s compared with thtf bull-| of the gas passing 
through the main at that point, with the result that incorrect and often 
vvery misleading results ^re obtained. The most satisfactory plan is to 
» place a cork carrying a pi^ce of glass tubing into a. suitable hole bored 
in the main and clpscd by a plug when not in use, the end of the glass 
^ube projecting ^eh into the main. The other end of this tube is 
coupled, with connections as short as possible, to the absorbing apparatus, 
rubber connections being avof^lcd as^far as practicable,^ where 
connections have, to be made with such tubing, thc^-v.^nus*^ of the^ glass 
tubesjoined should be brou^it i:lose together within the rubber tube, 
so as to expose a ipinimum.ol*r|ibber surface to the gas. 

Where a direct connection^ to the main cannot be made in this 
manner, and a service pipe le^iding from it must be utilised, arrangements 
must 'be made t^ enSure tlie^passing of a rapid stream of gas through 
the latter whflst the test is in progjKkss, the gas actually used in this 
test being taken off from this service by means of a suitable “J^-piece. 
These precautions are also advisable ev^en when testing purified gas, 
although the cj'ror caused by their non-observance is usually not so 
l^rcat. 

, Special methods of determination are described for ethylene, 
bciwene vapour, acetylene, oxygen, carbon dioxide, carbon monoxide, 
sulphuretted hyflrogen, carbon bisulphide, total sulphur compounds 
other than sul^)hurcttcd hydrogen in coal gas, arrynoyia, hydrocyanic 
acid, nftphj/halene, tar-fog, 4)xides of nitrogen, sulphur dioxide, and 
hydrogen phosphide.* 

* * • Ethylene. 

The following is the m^hod devised by Haber and V*. Qechelhauser ^ 
for estimating ethylene and, indirectly, •bgnzene in coal gas by the use 
of bromine (see alsg> p. 241). * ! • 

About 90 c.c. of the gas is run into^' Bunte bui»ette, the confining 
water sucked but in the usual mawner, and a standard solution* of 
bronyne water ^about half saturated) allowed to run i»to the burette up 
to a defiTiite mark, which is noted {e,g., the 5 c;c. mark). A little water 
is th^fi allowed to enter to clear the capillary tube and stopcock of 
bromine water, and tbe burette shaken for two minutes, aftei*which the 

’ JI 1900, 43, 347. 
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colour of bromine vapour should still ba> distinctly visible. After a 
further three Aiinutes, a solution of potassium iodide is sucked into the 
burette, the latter washed out with 'water, and the iodine liberated by 
the unalterecj bromine titrated with sodium thiosulphate and starch. 

A blank test of the bromine water is made by drawing up some of the 
solution to tjhc same markkas before, bidding potassium iodide, and 
titrating the solution. I’he difference ip the quantities of N/io thio- 
sulphate used in th(j two tests gives the amount of bromine which has 
combined chemically with the ethylene; i c.c. of N/io thiosulphate 
corresponds to i-2 c.c. of ethyler>e at 15*" and 760 mm., or 60° R. 
and 30 in. . ^ 

Homologues of ethylene, if pre.sent, also combine; with bromine, but 
as unit volume of any .olefine combines with tile Isame quantity cfT 
bromine, the total volume of olefines is correctly given by the test. Un- 
sat u rated J;iydrocarbo ns of other seriet^'such as acetylene and its homo- 
logues, interfcYO ;'ith the results, as these absorb a mjich larger amount 
of bromine. For coal gas the amount pf ^ch hydrocarbons is too small 
to have a material effect, but according to .Fritzschq,^ they are present 
in oil gas in considerable quantity, and^the method is not applicable to 
such gases. 

Benzene. 

i * # 

The method of volumetric estimation by means of ammoniacal 
nickel cyanide has been deserfbed (p. 242), but sufficient experience has 
not yet been gained with the process under varying conditions to judge 
of its reliability. When the ethylene has been determined by thb 
method described above and the total percentage of heavy hydrocarbons 
by absorption with bromine or fuming sulphuric acid, that of benxenc 
is given by the difference of the two values. ' 

The most suitable method Tor the determination of benzene^ etc., 
in coal gas is probably that devised by St, Claire Deville- »nd ^recently 
modified by him so as to make it applicable to gas containing small 
quantities of benzene.*^ The aiiic/uht of b9nzene and its* homologues 
is determined by passing the dried gas thro*ligh a glass cooling coil 
immersed ilr a mixture of ice and salt so* that the gas is cooled to 
— 22''; the condensed hydrocarbons are collected in a tube and 
weighed. A correctipn is nfade 'for the benzene -still left in the gas 
at 4his temperature. This amounts to 23-5; g. of benzene per cubic • 
' metre (0 67 g. (yr 10-33 grains pc/i cubic foot). 

When the gau contains very little benzene, it is dried by mei.ns of 
calcium chloride and then cooled to -72” by passing through a 
condenser immersed iit"carbon cTioxide snow in a Dewar flask. At 

f , 

^ J. Gasheleucf^U^ ig02, 45, 281. 2 y; Gasheleucht.y 1899, 42, 652. 

^ J. des Usines a Gas^ 191S ; Gas Joutnaly 1919. pp,‘i45, 272. 
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this temperature the vapouu pressure of benzene and other aromatic 
hydrocarbons is practically nil. The vapours are therefore all con- 
densed, ancf the residual gas m^y^ be measured by means of a.t\ 
ordinary meter ; the weight of crude benzxnc per unit volume of gas 
measured at lo” and 760 mm. pressure is calculated after allowing 
for the volume of vapour condensed. In thjc; case of ooal gas, this 
is ascumed to be i litre per g. (based on 3 vols benzene + i vol 
toluene). • * 4 

Harbcck and Lunge ^ have described a method of determination 
conversion into dinitrpbenzcne \#hich has been much 'simplified by 
•Pfeiffer/^ The latter concerts the benzene vapour .into dinitrobenzene 
by treating about 300 c.c. of the gas, contained in a separating funnel, 
vfith sulphuric afid' nitric acids, aind estimates the dinitrobenzene 
produced by titration with stannous chloride according to Limpricht’s 
m^hod.’^ 

H. S. Davis and M. D. Davis ^ have emploji^d a differential 
pressure method for the quan^tativc determination of vapours in gases. 
Two flasks connected to tlie ^i^jibs of a delicate differential pressure 
gauge arc employed. One flask^is filled at atmospheric pressure with 
gas containing the vapour ^tjjc amount of which is to be determined. 
The other flask Ts filfed at the same pi*cssure with gas from which the 
vapour is absent. The gas in ec^ch* flask is now saturated with the 
vapour in question. The differential pressure indicated by the 
gauge is a measure of the partial pressure of the vapour originally 
in the gas. , 

^ For most gas works purposes, the determination of benzene is 
rarely required, but in coke oven works, where the gas made is 
frequently washed with tar oils to recover the vapours of benzene 
and its homologfies, a knowledge of their amount is desirable. The 
method usually adopted is to pass from to lOO cb^ ft.. of gas through 
a series «f f®ur bottles, each .charged with about 150 c.c. of heavy tar 
oil, whTch has been previously distilled till the thermometer in the 
vapour reacl^s 270°, The gas is bifbbfcd through the bottles at a rate 
not much exceeding i cb.*ft. per hour, and whftn the required amount 
of gas has been passed, tlie combined oil from the flaskS is distilled, 
using a 3-bulb Le-Bel-Henninger fractionflting column, the distillation 
being continued up to 140°, and the distillate collected in a measuring 
• cylinder. This consists cbiefly of benzene with smaller quantities* of 
toluene and xylenes. The method is, of course, not a very exact one, but ‘ 
gives Results whkh agree fairly closely with the yields Actually obtained 

on the lafge scale in the extraction of the benzene hydrocarbons. 

• • ••• 

^ Z. anorg. Chem.^ i6, 41. • 

J. Gasbeleucht,, 1899, 42, 697 ; Chenu 1904, 28, 884. , 

3 Ber., 1878, II, 35- \ ^ /• Chem,, 1918, lO, 709 * 
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Vapours of higher boiling liquids ii? the gas may l^c estimated 
approximately in a similar manner, by passing about^ lOO cb. ft. 
Through a train of wash-bottles C9n\aining heavy oils previously freed 
from low-boiling constituents. The contents arc then distilled till 
the thermometer reaches 2^0'’, and the distillate fractionated, using 
a 3-bulb Le-Bel-IIenni|^ger column, and the volume of distillate for 
each 10° interval, up to 210” measured. , 

Rhead^ describes a flashing tower containing a number of trays, 
for the extraction and determination of benzene. Creosote or other 
oil of low volatility enters the t?op tray frgm a constant-head fe/d,'^ 
gravitates from tray to tray through scaled pipes and finally collects* 
in a receiver at the base of the tower. The gas after passage through 
a meter passes upward's throiiglTthe tower and is* caused to bubble 
through the oil in each tower by means of hoods with serrated ed^es. 
AbouT qSi^-res of oil are required toVxtract the benzene and toluene 
from, 100 cS'^TiT' ':'f coal gas. Crude benzene is recovered from the 
washing oil by steam distillation, and determined. , 

Lessing “ packs a scrubbing tower wifli pieces oLinert material such 
a.s porous brick, soaked in an oil of .sqch viscosity that it is not unduly 
thinned or washed out by the solvent vapours derived from the gas. 
Very little resistance is offered to the flow of the gas, and the 'device 
permits of benzene, etc., being re^co^ered by steam distillation without 
removal of the absorbent from the tower. A device in which the gas 
to be washed is passed through a mass of condensing vapour has been 
described by Gray." . 

Lebeau and Damiens,-^ and Burrell, Sicbert, and Robertson® employ 
methods depending upon the fractional distillation of liquefied coal 
gas. The methods are especially applicable to the determinatidti of 
compounds, such as thiophen, prc.sent in coal gas' only to a small 
extent. Suchf constituents ate condensed and held, in solution by 

benzene or other added solvent. » ", 

, < 

^ Acetylene. ' 

This hydrocarbon is present in coal gUs only in small quantity, 
generally not exceeding oT per cent. The gas, purified if necessary 
from sulphuretted hydrogen,fis passed through twfi Volhard absorbing 
bottles, each charged with 2b c.c. of concentrated arpmoniacal silver ' 
nitrate solution, which absorbs* the acetylene with formation and 
precipitation of'silver acetylide, some silver being also formcd*by the 
reducing action of othbr constituents of the gas. The filtered and 

^ /. So(f. them. Ind.^ I 9 i 7 i 36, 767. /. Soc, Cbem. /«f/.,,i9i7, 36, 103. 

2 /. Chem. Sof., ipi;, III, 179 ^ Comptes rend., 1913, 156, 144 and 325. 

® U.S. Bureau of Mines, Tecll. Paper No. 104, 1915. ‘ 
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washed precipitate is cautiohsly treated with dilute hydj*‘ochloric acid 
on the filter^ till acetylene ceases Jo come off, the resulting mixture 
of silver chloride and silver digcr*tcd with ammonia, filtered, the 
precipitate washed with ammonia, and the combined filfrates treated 
with nitric acid to precipitate. the silver diloridc, which is filtered off, 
and weighed ; i g. of silver chloride corresponds to (J09072 g. or 
84-03 c.c. of acetylene measured moist at and 760 mm. 

Oxygen. * , 

k. • 

The technical importeince of the. determination of oxygen in 
coal gas arises more^ especially in the purification of illuminating gas 
from sulphuretted hydrogen by means of oxitlc of iron. In order to 
increase the rale of purification and to revivify the oxide in sitUy air 
is customarily admitted to thci^purifiors along with the,.- gas. The 
most suitable proportion dej^^nds upon local circ,iViistanccs, but, as 
a general rule, it is found t.iat* the average percentage of oxygen 
should be rather mere than haff the average percentage of sulphuretted 
hydrogen. % 

The Haldane gas^ analy.'i^ apparatus (p. 289 ct seqi) can be readily 
adapted to determine with accuracy Ihe oxygen content of the gas 
before or after purification. Carlv)n*( 1 ioxide and heavy hydrocarbons 
arc first removed by potash solution and bromine (pp. 241, 243) 
respectively, and oxygen subsequently determined by absorption 
with alkaline p)*rogallate in the usual manner. 

A colorimetric method of estimation has been devised by Pfeiffer,^ 
depending on the depth of colour produced by a known volume of the 
gas In an alkaline solution of pyrogallol, this being compared with 
standards of iodine in potassium iodide solution made up to match 
the colours giv^^n by known percentages of oxygei*; Lubberger “ has 
applied •VVijfkler’s method i< 9 r estimating dissolved oxygen in water 
to the estimation of oxygen in co^l jjas, the gas being shaken* in a 
Punte buretfc with alkajj •and manganous hydroxide in oxygen-free 
water, the manganese being oxidised to hydrated peroxide. ^ The latter 
is then treated with pota^ium iodide ^^nd hydrochloric acid, and the 
liberated iodine, equivalent in amount to* the oxygen taken up by the 
manganous hydroxfdc, is estimated by J^j lOO scidium thiosulphate* in 
* the usual manner. • . 

The purity of technically prepared oxygen is determined as 
described on p.r246 by the use of copper wire kept clean and moist 
b^ a solution composed ot equal volumes of ammonia and of saturated 

ammonium carbonate solution. , 

• • 

1 /. Gasheleuchl ,, 1897. 40, 354 - - 1898, 41, 695. 

•• / 
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Carbon Dioxide. 




* The estimation of this constituent in illuminating gas by absorption 
with aqueou^' potassium hydroxide is not very accurate, as this reagent 
also tends to absorb some ofjthc hydrocarbon vapours present. When 
greater accuracy is reqi'dred, gravimetric or volumetric methods are 
employed ; the former are carried out by absorbing the carbon dioxide 
in a weighed soda^-limo tube, and the latter by treatment of the gas 
with standard baryta water by PeKenkofer s method. In the forme^^ 
method, the gas, if unpurified, mfist be first? freed from ammonia 'by^ 
passing through dilute acid, And from t?ar-fog and sulphuretted 
hydrogen, by passing through a tower filled \yhji hydrated ferric 
oxide. The gas is then led through the meter, dried by calcium 
chloride, and passed into the weighpd soda-lime tube, the last fart 
of which^^ with calcium chloride to prevent loss of moisture. 

< Each g^am of CO., found corresponds td 544 c.c, of the gas 
measured moi.st at 15" afid j/bo mm. * 

For the estimation by*meAn.s of b^tryta water, a con- 
^ venient method is to employ a bottle of about 2 litres 

capacity, having a doubly boir^d rubber ctu'k fitted with a 
( ll 'm small separating funnel of about 50 c.c. capacity, and a 
right-angled delivery twibe as shown in Fig. 163. The 
exact capacity of the bottle is determined by weighing it 
empty and then filled with waiter, the delivery tube being 
removed, and the stem of the funnel filled with water u(^ 
to the stopcock; the difference of weight in grams gives 
the volume in cubic centimetres. To fill the bottle with satura’td'd 
gas, one or two drops of water are added, the apoaratus inverted, 
and gas passed in through the separating funnel and out through 
the delivery tube^, two to tfiree minutes’ passage of a moderate 
stream of gas suffices to drive out all aif. The delivery tube, is then 
remo)^ed, replaced by a gla.ss ,phvg, the separating funnel stopcock 
closed, and the gas shut off and disconnecAdd. The stopcock is then 
again open^^d ^or a second to allow the gas in the bottle to attain 
atmospheric pressure, and thc#height of the barometer and the room 
temperature noted. ^ , » 

*'As soon as the, g^ in the funnel has been replaced by air, 50 c.c. 
of«baryta water of known strength (20 g. barium hydroxide per litre) 
and a little phcnolphthalein are run into the funnel, and thence, by 
careful opening of the cock, into the bottle, Cooling under the \ap, if 
necessary, to create a vac^num ; the funnel is then washed opt 

with wat^r into the bottle, care being taken that the stem of the 
funnel is left fuU of water. The bottle is well shaken, and allowed to 
stand for ten minutes, when absorption i^ complete. The stopcock is 


Fiu. 103. 
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then opened, the contents* of the bottle, including the precipitate, 
washed out^into a flask, and titrc^ted at once with Njio oxalic acid, 
using phenolphthalein as indicator. , Fifty c.c. of the original baryta 
solution arc titrated in the same manner; the difference* between the 
quantity of oxalic acid solutio^i required for neutralisation represents 
the amount of alkali corresponding to the carbon dioxide absorbed, 
expressed in decinormal solution ; each cubic centimetre of A^jio oxalic 
acid corresponds to o-oo^2 g^, or to 1-119 c.c. of Mry CO.^ at o ’ and 
760 mm. To obtain the percentage of the gas, the volume of CO.2 
'^dcr these conditions m^ist be con^fcrtcd in the usual manner into the 
*volume of moist gas mca.turcd at the^amc temperature and pressure 
as observed with tjfe^ volume of gas taken. If n equals the number of 
cubic centimetres of A^/10 oxalic acid found, z/the capacity of the bottle 
in^'ubic centimetres, t the temperature, .s' the vapour pressure of vj^ater 
at that temperature, and b the hi^ight of* the barometer, th'-.. percentage 
of CO2 i-s found b/thc cquati'j'n : — 

1 19 X (273 + /) X 760 X JOO 
273 X (/; - s ) X V 

j^onsfanis. Variants. 

i.T 19 X 760 x*ioo ^ ;/x(2 73 + /) 

273 xs», b-s 


Percentage ofiJOo 


When V has been determined, a simple figure for the constants can be 
calculated once for all. 

• The determination of carbon dioxide can also be readily made and 
recorded by means of the katharometer and other devices (see p. 321 

P ^ ^ 

et seq^. 

Carbon Monoxide. 

The determyiation of small quantitie*s of carbon •fnonoxide is often 
of extr^Tne^rmportance, Th 5 detection and approximate quantitative 
determination of smalT proportions^ of .this gas can be effected cither 
by its reducing action on jjartladious chloride, blood, or iodine pentoxidc 
(p. 262). The flame-cap test is also applicable. These ^ir>ethods are 
described in detail in the section on “ Air Analysis,” Vol. III. 


Hydrogen Sulphide. 

According to Haldane,^ hydrogen* sulphide in ver>^ great dilution 
is readily recognised by its characteristic smell, 'fhis test is less 
distinctive when the prop()rtion of hydrogen sJ|jlphide present exceeds 
0-0 1 per cent., but then irritation of the eyes is produced. ^ 

For the control of the purification process in gas wprks, the estima- 

1 The Investigation of*M^e rr,.Fostcr a^d Haldane, 1905, p. 149. 
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tion of sulphuretted hydrogen by volumetrfc absorption with a solution 
of cadmium sulphate or chloride gives results of sufficient accuracy. 
For more accurate determinations,especially when only small quantities 
are present, other methods must be employed. The gas tested must 
be freed from tar-fog and ammonia, if present ; the former is removed 
by a small cotton-wool ^filter, and the latter by washing with dilute 
sulphuric acid. 

(i.) Gravimetric ^Estimation. For this, purjposc, Fresenius^ employs 
as absorbent, pumice stone which^ has been treated with saturated 
copper sulphate solution, dried, cind heated* for four huurs at 250*^" 
According to L. T. Wright,^ qppper phosphate is a more suitable* 
absorbent. To prepare it a solution of 100 g. of crystallised sodium 
hydrogen phosphate in ^00 c.c. of water is added, with constant stif- 
ring. ^o a solution of 125 g. of crystallised copper sulphate in 750 /:.c. 
of water, ^^j^ccipitated phosphate b<^ing filtered off and dried at 100°. 
Either absorbents placed in a U'ti^be so.as to occupy about five-sixths 
of its length, the remaining one-sixth ‘beitig filled with calcium chloride. 
The gas is dried by calcium chloride, aiVd passed through the weighed 
U-tube containing the copper sulphate f)r phosphate, and thence through 
a meter or into a graduated aspirator. A^ithe enej. of iht test, dry air is 
drawn through the U-l^^bc, which is then weighed, the increase of 
weight giving the weight of HoS iu the volume of gas" passed. One 
gram of H.^S equals 697-6 c.c, or 0-02464 cb. ft. of moist gas at iS"" and 
760 mm. 

(ii.) Volumetric Estimation. The most suitable reagent is a 
standard solution of iodine in potassium iodide, which reacts with 
sulphuretted hydrogen yielding sulphur and hydriodic acid, according 
to the equation : — 

H,S + I, - 2HI + S. 

f ' # . * 

This reaction may be carried out in a Bhntc burette,'^ usihg a* solution 
of iod'Ine in potassium iodide cpiit^j^ining 1-052^ g. of iodine per litre, 

I c.c. of which = 0- 1 c.c. of H.^S measured mdi^t at 1 5” and 760 mm. The 
gas to be tpstad, after being freed from tar-fog and ammonia, is passed 
into the completely dry burette (if necessary with the assistance of an 
aspirator), and a portion of tlic gas then sucked out to make room for 
the reagents. The i6dine solution is then sucked in from a small dish 
sci, as to fill the capillary and bore of the ’stopcock, and then starch 
solution to the lowest division mark. By gradually adding fresh quan- 
tities of iodine, and repeated shaking, the Knd-poinf of thq r(*action 
is recognised by the^j^ual for|!nation of a permanent blue^^coloyr. 

• ^ 

’ Quanittalive Analysis^ 7th ed., vol. i., p. 383. ' 

J. Soc. Chem, Ihd., 1885, 4, <665. 

^ Cf. Bunte,/. Gasheleuchl.^ 1888, 899; ,Kast a^d Hehrend, %hid.^ 1889, 32, 159. 
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The amount of iodine used is read off directly on the bufette, the 
amount remaining in the capillary being balanced by thaf added before 
the starch, wliich is not measured.* The volume of gas used is the» 
determined in the usual manner. * , 

An alternative method consists in employing a dry bottle of known 
capacity (about 500 c.c.) closed Vith a hollcAv stopper capable of holding 
25 cx:. (A glass tube of this^ capacity, closed at one end and fitted 
into a rubber cork the boUom of which is coalbed wiih a film of paraffin 
wax, may be substituted for a ground-in stopper.) The gas, purified 
tar-fog and ammonia, is blown*|hrough the inverted 'bottle till all 
tfiir is driven out; the tub^ or stopper, to which 25 .c.c. of Njio iodine 
solution has been added, inserted whilst the bottle is still inverted, and 
tke solution shakert with the gas ; the* contents of the bottle and stopper 
are then washed out, and the excess of iodine determined by titration 
witii sodium thiosulphate and stifrth. E^ach cubic centimetre of incline 
used equals 1-122 c;c. of dry HgS at and 760 mm. ; ^he percentage of 
the gas is calculated in exa(>tly,the same manne'r as that of carbon 
dioxide given on p^ 303, with ^be substitution of the figure i-io8 for 
that of I- 1 19 in the equation. ^ 

The iodine method is HJ^ely to give high results, since the un- 
saturated compounds* and also hydrocyanic acid, when present in the 
gas, tend to cosibine with iodine. Wi<h coal gas the error thus caused 
is usually small, but it is very considerable in the case of oil gas and 
of carburetted water gas, owing to the presence of cyclopentadiene, 

1) 6 • 

• C. W. Somerville- has described a modified iodometric method 
in^ \vhich the gas is drawn by means of an aspirator through a 
wash*-bottle of 100 c.c. capacity containing 10 c.c. of Nj looo iodine 
solution and 10 t.c, of specially prepared starch solution diluted to 
100 c.g. The passage of the gas is continued until tj;ic blue coloration 
just disa^pcaj-Sj^he volume ot gas used being found from the volume 
of waWf run off from the aspirator. To obviate the error due t® the 
above-mentioned impuriti^g, a seebr/d* test is made with the same 
gas, which is first passcfl through a small tower containing lead 
carbonate to remove sulphuretted hydrog^en ; by deducting' the second 
result from the first the true amount (ff sulphuretted hydrogen is 
fo*und. • • , 

o (iii.) Colorimetric Estimation. The colt)rimetric method devised by 
Vernon Harcourt (see p. 308) is very convenient for the* estimation of 
sulphuretted hydrogen, esoecially where this impurity*is present only 
in small quantity. In thiJ process the gas is bi>bbled in a fine stream 
thfough*a standard sized tube contairhng a sol\ 5 t*ion of lead acetate in 
• • 

^ Cf. also, Ross and Race,/. Soc, Chem, Ind.y 1 910, 29, 694. 

^/. Gas Li^htingy 1910, ZI 2 , 29. * 

• / 
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excess ol sodium hydroxide, to which sugar is added, the passage of the 
gas being continued until the solution attains the same brown colour as 
the similar sized standard tube (s^ee* Fig. 164, p. 307), which is artificially 
made to coritespond with the colour given to the standard lead solution 
by 0*0025 grains (0*000162 g.) of sulphur, by mixing solutions of copper, 
cobalt, and fcrric sulphates. * The gas is drawn through the solution by 
an aspirator, which is completely filled vyith water at the commencement, 
the water run out being ^collected in a measuring cylinder, thus giving 
a direct reading of the volume of gas passed. This volume of gas 
therefore ‘contains the above qjantity ofr sulphur as sulphuretted 
hydrogen, and from this figure ^ither the pe,‘;centagc, or amount in any 
given volume, is readily calculated. 

The brown solution' becomes colourless on exposure to light, aiid 
provided that carbon dioxide is excluded the revivified solution may 
be used ag^in for a considerable number of estimatioiLs. 

Well-preparc 4 v,“ lead-paper” is an exceedingly delicate agent for 
the detection of minute traces of hyclrcTgcn sulphide. The mo^st satis- 
factory papers are prepared by moistening sheetsi of filter paper with 
a solution of i part of sugar of Ica/J in 8 or 9 parts of water, and 
holding each .sheet while .still damp e^^^er the surface of a strong 
solution of ammonia for a feW minutes. The ammonia escapes as the 
paper drie.s. When such papers immersed for, say, ‘half an hour 
in a large volume of ga.s, very minute traces of sulphuretted hydrogen 
will give a brown stain. Light should be excluded from the vessel 
during the te.st. It is often convenient for the gasr to issue from a 
small orifice and impinge directly upon the test paper. The delicacy 
of the test is increased by using a moist <^cst paper. Attempts have 
been made to determine a scale enabling the percentage of hydrogen 
sulphide present to be ascertained from the colour imparted to the 
test paper after passage of a definite volume of gas. When a paper 
is exposed to a slow .stream of gas after the manner prpscribed by 
the Gas Referees, i part of hydrogen sulphide per million is readily 
detected in three minutc.s. Lcnmann statos*-that after passage of 8 litres 
of air at^thq, rate of' 12 litres per hour through a tube 12 mm. in 
diameter, the paper being hpjd at the outlet of the tube, a pale brown 
colour is formed when hydrogen sulphide is present to the extent of 
OiOOOi per cent. t0w0*0002 per cent. A strong yellowish brown colour 
i^ obtained when the percentage present is 0*0003^ per cent, while 
0*0005 per cent, gives a dark brown colour, and 0*0008 per cent, a 
brownish black colour. According to Bu^jterfield,^ ^he two rides of 
a piece of lead acetate paper jV sq. in. in area, become something 
approacjiing light oak colour when brought in contact with 0*007 c.c. 
of hydrogen sulphide. * 

^ Che mt shy tn Gas Worhs^ 1^73, p. 56 . 
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Sulphur Compounds other than Hydrogen Sulphide in Coal 

Gas ; Carbon Bisulphide ; Total Sulphur Compounds. ^ 

• 

Coal gas purified by means of oxide of iron, always contains small 
quantities of volatile sulphur, compounds other than sulphuretted 
hydrogen. The vapour present in largest qiyintity is thfat of carbon 
bisulphide, the amount of which varies from lO to 8o grains per lOO 
cb. ft., according to the variety of coal carbonised* and the conditions 
of distillation. From 5 to 10 grains of sulphur is also present in the 
f(5>m of other coinpoundif, among wfiich thiophene, carbonyl sulphide, 
and alkyl mercaptans and ftulphidcs ha^ie been detected. 



Fiq. 164. 


For the, estimation of caHwn bisulphide, a measured volume of the 
gas freed from sulphufetted h)'drogen^ if necessary, by iron oxide, is 
dried by calcium chloride afiui passed through two wash-bottles contain- 
ing a solution of potassium or sodium hydroxide in abi,solute alcohol, 
which converts the bisulpTiide into pojtassium or sodium xanlhate 
according to the equation :■ — 

CS, + K01l4,CoHr,OH - 


ySK . 

CS< + H-.O. 


Fofli gas afftl reagentf must be kept as dry as possible, as water 
dqpreasgs the absorbing power of the j'eagent {^r the bisulphide. The 
^^antity of xanthatc pr of sulphur in the solution obtained may then 
be ascertained by the methods used for the estimation of carbon 
bisulphide in commercial benzene (s^ee und^r “Coal Tar,” Vol. IV.). 
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The barbon bisulphide may also be estimated by Harcourt’s 
colorimetric method. When coal^ gas containing carbon bisulphide 
fs passed over platinised pumip, the bisulphide is converted into 
sulphuretted*^ hydrogen, which is then estimated colorimetrically in 
the manner described under sulphuretted hydrogen (p. 305 ei sfq.). To 
carry out the test, a small fr!ictionating flask of about 30 c.c. capacity 
filled with platinised pumice is placed^ in a special stand surrounded 
by a glass chimne}^(Fig.S64), th(? boL'tom of the flask is about 

I in, above the small ring burner ^fixed at the bottom of the chimney. 
The burn* *s lighted, turned dov\«n until the flame just shows a slight 
luminosity, thus Ideating the ^^latinised pumice to 30o”-35o'’. Thd 
gas is then allowed to pass through at the rate of about 0-5 cb. ft. 
per hour. * 

^fter about ten minutes, the delivery tube is connected to the tnbe 
containing^ lead acetate syrinj), anrr. the latter to an a.spirator, and 
the gas drawn inv?jhin stream through the tube until the same depth 
of colour is obtained as in the standard cylinder, corresponding tG.0-0025 
grain or o-oooi62 g. of sulphur. The 'volume of- gas containing this 
quantity of sulphur as carbon bisulphide is that of the water run from 
the aspirator and collected in the measur^ig cylinder. 

This method, though very rapid and convenient, only gives results 
of fair accuracy if the gas tested i.-^ free or almost free from oxygen. 
Mostly, however, purified coal gas contains appreciable quantities 
of oxygen, which in presence of the hot platinised pumice converts 
the sulphuretted hydrogen into sulphur and water ;• the results then 
obtained are much below the true figiiie. 

The separate determination of carbon bisulphide is seldom cai’ried 
out, as all the information usually required is obtained by the estima- 
tion of the to/al sulphur present, by burning a known volume of gas 
and estimating tlw sulphur in ihe products of combustjon. 

In this country the method almo?,t always cmplTjyecf* is that 
specified by the Gas Referees^; it is generally known as the 
“Referees” method. Ihe gas is burnt in v-y small Runseh burner with 
a steatite top (hig. 165), which is mounted on a short cylindrical 
stand, perforated with holes /or the admission of air, and having on 
its upper surface, which i.s also perforated, a deep circular channel 
to receive the wide end of the glass trumpet tube. There are, 
t'oth on the side and on tlic top of the S'tand, fourteen holes 5 mm.' 
in diameter, or an equivalent air-way. On the top of the stand, between 
the narrow stem of the burner and the Vurrounding glass tt-umpet 
tube, are placed piec(^s of commercial .sesquicarbonate of ammonia 
weighing in all about 2 oz. Tfie products of combustion and^'of the 
gradual volatilisation of the sesquicarbonate pass upwards through 
the trumpet tube into a vertical glass cyjlnder with a tubulure near 
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the bottom,, and drawn in «it a point above this to abouf half its 
diameter. The cylinder is packed, from the contraction to the top, 
with balls of glass about 15 mm. in^diameter, to break up the currerft 
and promote condensation. From the top of this cor#denser there 
proceeds a long glass pipe or chimney tube slightly bent over at the 
upper end, serving to effect some furthei* condensation as well as to 
regulate the draught and afife^-d an exit for the uncondensed gases. 
The chimney tube is sus^pcn^led by a tape, Wed it)und the middle of 
it, and attached above to a 
b/acket projecting from •the 
*wall. At the bottom of ihe 
condenser is fixed^a small 
^ass tube drawn out to a 
jeU through which the liquid 
formed during the test drops 
into a flask beneath. 

After each test, the flask* • 
or beaker which ha« received * • 
the liquid products of the • 

combustion of 6ch. f^. of gj#% 
is emptied into a measuring 
cylinder anti 'then replaced 
to receive the washings of 
the condenser. The trumpet 
tube is then r€moved and 
well washed out with distilled 
wHLcr into the measuring 
cylinder. The cpndenscr is 
flushed two or three times 
by pouring quykly into the 
mout^^of 40 or 50 c.c. ol* 
distilled water. These wash- 
ings are brought into ;^C 
measuring cylinder, the whole contents being then weU mixed. 

An aliquot part of the fiquid is placc^l in a flask or beaker, covered 
with a large watch-glass, and «acidifi^*d with hydrochloric acid. The 
sulphur present is then precipitated by hot batium chloride in fhe 
usual way. • * • 

The correction of the gas volume^ to Go'" F. and in. pressure is 
found T^y^the tzcble on pp.^3S, 239. 

^ Th^ method tends to ‘give slightl^j low res^Vts owing to incomplete 
^oxidation of the sulphites to sulphates. To avoid this possibility, 
some analysts prefer to oxi^dise the solution with bromine water before 
precipitation, whilst others'oxidise )vith ny;ric acid, and precipitate with 
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barium nitrate instead of chloride. T. Fairley ^ dispenses with the use 
of ammonium carbonate, and allows a solution of hydrogen peroxide 
fo drip down the condensing cylinder of the Referees’ apparatus, the 
sulphur being then obtained in the condensate as free sulphuric acid. 
The amount of sulphuric acid may th^n be determined by titration 
with normal nlkali, provided ihat the hydrogen peroxide solution used is 
neutral. Or, by using a known volume, of hydrogen peroxide solution 
of detei mined acidity, tile sulphuric acid farmed may be found by 
deducting the amount of the latter from the total quantity of acid found. 

H. Blair “ has proposed the fallowing v(Llumctric method for th'e 
estimation of the ‘sulphuric atcid in the \iolution obtained by the 
Referees’ process. An aliquot portion of the solution is boiled to 
volatili.se the ammoniuih carbonate, thus leaving neutral ammonium 
sulphate ; an excess of neutral formaldehyde solution (about 30 -per 
cent.) is then added to the hoC solution. It reacts with the ammonia, 
forming hexamethvlenc-tetramine, and liberates ’sulphuric acid, in 
accordance with the cquiition : — 

4 {N 1 I,),S 0 , + 6 C 1 -LO = N,(CHo),. + 2H,SO/+ 6HA 

j “ “ 

The liberated sulphuric acid is then ^determined by titration with 
iV/io alkali, using phenolphthalein as indicator; i c.c. A^/io alkali = 
0-0247 grain S. 

In the method due to Drehschmidt,^ the estimation is carried 
out by means of the apparatus shown in Fig. 166. The gas burner 
is encased in the manner shown in the figure, separate pipes, ^2 and 
projecting from the casing for the supply of gas and air respectively 
to the burner. The air supply is purified from any sulphur dioxide 
present by passing up the tower B, containing pumice moistened with 
aqueous potassium hydroxide. The glass cylinder C is placed over 
the burner and sfts a circular channel in the buipier case, filled 
with mercury, thus preventing the adrr;i.ssion of air al .dhls point. 
The glass tube fused on to the cylinder C conveys the products of 
combustion to the train of wash-bottles Dj each containing 20 c.c. of 
aqueous potas/;ium hyckroxide (5 per cent.), a little bromine being 
added in the first two bottl(;*s to ensure 'the complete oxidation of 
the sulphur dioxide. 

^In making a tes^, the burner is lighted and regulated to a con- 
si^lnption of § to i cb. ft. per hour; the ou'Jet of thalast wash-bottle 
is connected t6 a powerful wateV-pump so that a rapid current of air 
is drawn througn the apparatu.s. The cylin^ier C is placed ov-er the 
burner as the hand of the meter passes a suitable point, when the flame 
continue^ to burn quietly if the current of air is sufficiently rapid. At 

^ /. iVr. M , 1J87, 5, 283. ^ 2 20, 397. 

Post’s Chemisch-Technische Analyse ^ 1 888. 
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the conclusion of the test the contents of the bottles D are wished out 
and the sulphur estimated as barium sulphate in the usu^ manner. 

In place *of the sodium hypobromite solution, hydrogen peroxide 
may be used in the wash-bottles, and the amount of siilphuric acid 
produced determined by titration with alkali, as described on 
p. 310. Pfeiffer employs a modified melhod in which the products 
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of combustion are drawn^ through a Jvnown volume of decinormal 
wdlum hydroxide solution to which •neutral hydrogen peroxide 
solution (Merck’s perhydrol) is addecl. The amount of alkali remain- 
ing at the end oS the test i? determined b^ titration with Njio sulphurjc^ 
acid, using dimethylaminoazobenzcne^ as indicator. E^ch c.c. of Njio 
alkali •neutralwed is eq/valent to 0001603 g. or ?)-02478 grain of 
sulphur, and the numbcr'of grains of^ulphur j^pr lOO cb. ft. is obtained 

the equation ; — • 

* * Number of c.c. JV/io Na OH x 0.02478 x 1 00 

grs. per 100 cb. ft. - Gas consumed corrected to N.T. k. 

* . • • 
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A quLk method for the estimation of rtotal sulphur, especially suit- 
able for worlds, has been published by C W. Somerville it depends 
an the estimation of the sulphur dioxide in the products of combustion 
of the gas b}4 means of iodine and starch. The apparatus^ in general 
construction resembles that of Drchschmidt (Fig. i66, p. 31 1), the gas 
being burned at the rate of about 0-5 cb. ft. per hour from a small 
burner, and the products* of combustion aspirated by means of a water- 
pump through a vash-llottle of about, 50C^ c.c. capacity containing 
100 c.c. of NjiGOO iodine solution diluted to 450 c.c., and a few cubic 
centimetres of starch solution. Xte wash-b.ottle is connected to the 
cylinder covering the flame as ^ the meter hand passes a noted point, 
and the combustion products are allowed to pass fhrough the solution 
until it is just decolorised, when the gas meter is at once bypassed. 
One hundred c.c. of N/1000 iodine contain 0-1269 g. of iodide, 
equivalent to o-ooi6 g. or 0-02^688 grain of sulphur, which is, therefore, 
the amount present in the volume of gas burned ; from this the quantity 
of sulphur in 100 cb.'Tt. is readily calculated. 

Ammonia. 

Of the total nitrogen present in coal, only some 10 to 14 per cent, 
is obtained in the crude coal ga-s in the form of ammonia ; the bulk of 
the remainder remains in the coke, and smaller quantities are obtained 
as gaseous hydrocyanic acid, free nitrogen, and as compounds of 
nitrogen with carbon and hydrogen, such as pyridine and quinoline, 
which are found in the tar. 

The removal of the ammonia from the crude gas commences as 
soon as the temperature has been sufficiently lowered to permit of the 
condensation of steam to water, and about one-half of the ammonia 
present is usually, removed in the hydraulic main and^condensers, the 
remainder being recovered by washing wi:h weak liquor o: /resh water 
in the washers or scrubbers. Where the latter part of the process is 
efficiently worked, the ammonia ^is reduced at the outlet of the 
apparatus to from 0-5 to 2-0 grains per 100 cb. ft. 

‘The amnlonia present is readily detcrmhied by passing a measured 
volume of gas through two absorption bottles in series, each containing 
a measured volume, of normal or decinormal sulphuric acid, and 
determining the excess acid at the end of the test by titration with ^ 
standard alkali, using methyl orange as indicator. A tube filled with 
broken glass, and moistened with a known ^olume oL^standard acid, 
may be used in place of the absorption bottles^; but care must'^be taken, 
by making a blank tesF, that thl glass has not an alkaline reabtioi\^ 

^ J. Gas Lighting^ 29. 

^ Supplied by Messrs Townson & Mercer, Canpromile St., London, E.C. 
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the glass l:jeads supplied with such apparatus are often ^ strongly 
alkaline, thus rendering the rcsults^obtained much too hi^h. 

With purified gas containing only^ a few grains of ammonia per lOO 
cb. ft., clecinormal acid is used, and very accurate restilts»are obtained, 
if the tubes leading to the absorption bottles are of glass, with only a 
minimum of rubber connecting tubing. * t 

For crude unscrubbcd gas,., normal acid must be employed, and the 
above-named precaution^ art^ especially necessary » the gas should be 
sampled by means of a tube projecting into the main, as described on 
p. 297. Exact results are somewilat difficult to obtaiil on account 
*of the tar-fog present in tlve gas, which /nakes the end-point of the titra- 
tion difficult to o^erve, and the ammoniacal liquor particles carried 
mechanically with the fog also neutralise somc^of the acid, thus making 
t\w results too high. If, on the other hand, an attempt be made to 
remove the tar-fog by a cotton-wool filter, the results are too low, as 
the filter also cffecjts the removal of some of the ammonia from the gas 
streana. On the whole, it is test* not to attempt fo remove the tar-fog, 
but to allow for the fact th^rt 'ihe tendency is then for the results to be 
rather too high. • 

When tar is j^resejit, it i^fipmctimes found that the use of fluorescein 
as indicator, in place of methyl orange, is advantageous ; the point 
of neutralistition is recognised h}i tfio disappearance of fluorescence, 
which is most readily observed if the glass vessel containing the liquid 
be placed on a sheet of glazed black paper. 

With crude •gas containing large quantities of ammonia, the small 
quantity of gas required for a test is often conveniently measured by a 
gT;fduated aspirator instead of by a meter; Vvherc the gas to be tested 
is under a pressi^re less than that of the atmosphere, the suction of the 
aspirator is utilised to draw the gas from the main through the absorp- 
tion bottles, ^^here a meter is used, and the gas ccvitains sulphuretted 
hydro^cm,«ft^mall oxide purifier should be placed between the absorption 
bottles and the meter,* to prevent c^rro^sion of the metal work. * 

Traces of ammonia readily 'determined by the use of either 
turmeric or h.ematoxylin paper, or paper saturated •with Nessler’s 
solution. Turmeric paper*is prepared by impregnating bibulous paper 
with an alcoholic solution of turmerje. ^fhe paper is turned reddish 
brown by ammonia, but is bleached by hydrog^m sulphide. Haima- 
* toxylin paper, when dry, •is slightly yelfow or pink. It becomes b^j^e 
in the presence of alkalis, and is extrefmely .sensitive to ammonia. 

NCssler’s solution m»‘^ be employed for the exact determination 
of a mjnute trace of amfnonia in aii; or othe^i; gas. A definite volume 
the gas is passed into water sli^tly acidified with sulpljuric acid, 
^the absorbed ammonia being subsequently determine^ colorimetrically 
in the usual way (sec Vol.»JII. under “Water* Analysis"). 
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Hydrocyanic Acid. 

' For the determination of hydrocyanic acid in coal gas, two methods 
are employed-: — • 

(i.) The gas is passed through a scries of two or more absorption 
bottles, charged with a mixture of ferrous hydroxide and potassium 
hydroxide, prepared by mixing cquaK volumes of ferrous sulphate 
solution (i : lo) and f)0tasi,ium hydroxide ^^olution (i : 3), the gas being 
passed at a rate of about i cb. ft. per hour, and measured in a meter 
in the usual manner. The contents’of the abscirption bottles arc washed 
out at the end of the test, made-up to a knov/n volume, and an aliquot 
portion of the shaken mixture filtered from the insc 4 uble black residue, 
which is washed free from ferrocyanide. The filtrate is treated witii 
lead carbonate to remove sulphides, and the filtered solution heated 
to 60°, and precipitated with hydrochloric acid and excess of ferric 
chloride; the precipitated Prussian blue is then filtered off, decom- 
posed, and analysed as described ' in the section on “Cyanogen 
Compounds,” p. 630 ct seq, 

(ii.) In the second method, the h^'drocyanic acid is absorbed by 
passing the gas through a series of thre^ absorption bottles charged 
with a solution of ammonium sulphide and free sulphur; the am- 
monium polysulphide formed combines with the hyclrocyanfc acid, with 
the formation of ammonium thiocyanate. The gas is passed at the 
rate of about r cb. ft. per hour, and is measured as usual. At the end 
of the test the contents of the bottles are washed oi:t, made up to 
a known volume, an aliquot portion of the solution treated with lead 
carbonate to remove sulphide.s, and, after filtering, a few crystals ©t 
sodium sulphite added, and the whole heated to 80'' ; the liquid is then 
made faintly acid with sulphuric acid, and precipitated with an excess 
of copper sulphate solution, which throws down cuprous thiocyanate 
as a white precipitate, accompanied, however, by sulphides v/Df ’copper, 
formed by the decomposition of the thiosulphate also present. The 
precipitate is filtered immediately, washed -r^ice or twice with water, 
and decomposed by the addition of 10 c.c. of a 10 per cent, solution of 
sodium hydroxide, free from chlorides. The Sodium thiocyanate solution 
produced is filtered from the cuprous hydroxide and sulphide, the latteg 
washed, the cold filtrate acidified with dilute nitric acid, and titrated 
with N\\q silver nitrate solution using ferric dlum solution as indicator, ‘ 
the complete precipitation of the thiocyanate being shown by the dis- 
appearance of the red colour of the ferric ^It. Each c.c. of^N/io 
AgN 0^ = 0-002612 g. of NH^CNS-or 0-00220^ g. of HCN. 

The precipitation of the cuprous thiocyanate is necessary to remov^^ 
the thiosulphates always present in the solution, and ' which if not^ 
eliminated, would also be precipitated by tl)e silver nitrate. For most 
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purposes thi^ may be done more quickly and with sufficient 'accuracy, 
by the method proposed by Linder.^ In this procedure the solution, 
after removal of sulphides by lead carbonate, is slightly acidified with 
sulphuric acid, heated to boiling, and lo c.c. of a saturated solution of 
ferric alum added ; after standing for five minutes, the liquid is cooled, 
acidified with nitric acid, and titrated wkh decinormal silver nitrate. 
The*ferric alum converts fhe tl)iosulphate into tetrathionate, which does 
not affect the silver nitrate ifjthe titration is carried* out quickly. 

The ferrocyanidc method tends to give results which are slightly 
low, as small quantities -sf the hyd/ocyanic acid arc always converted 
•into thiocyanate instead of into ferrocy^nide, the amount of thiocyanate 
formed being grea^r when ammonia is present in the gas. On the 
other hand, the thiocyanate method Tends to give results rather above 
the truth, as the carbon bisulphide also present in the gas, is partially 
absorbed by the ammonium polysulphide with formation of ammonium 
thiocarbonates, wlkch under certain conditions undergo dccompo.sition 
into ammonium thiocyanate.'* • 

• • 4 * 

Naphthalene. 

• 

NTiphthalene*occurs in large quantity in the volatile products given 
off from coal •during distillation, ^birt* is almost completely removed 
during condensation and passes away with the tar. As, however, 
naphthalene has an appreciable vapour pressure at the ordinary 
temperature, the^ purified gas frequently contains small quantities, 
^hlthough the amount rarely exceeds from 15 grs. to 20 grs. per 100 
cU. • ft. Even this small quantity is frequently sufficient to cause 
serious trouble b^ its subsequent deposition in the solid state in the 
mains and services, both on the works and in the district of supply, and 
its estimation is therefore often a mattei of importa^^.ce. 

No %ati,s factory simple method of estimating the amount present in 
the hot gas has been* devised, owing to the difficulty of separatiiag the 
tar-fog withbut simultaiv^msly ef?’eC:thig a partial removal of the 
naphthalene still present as vapour in the ga»s, but for^the cooled gas 
free from tar-fog, several ntethods are used, all of which depend on the 
fact that naphthalene combines with picric acid to form the crystalline 
picrate, CioHs ‘ which is practfcally iiisoluble in saturaj;ed 

• picric acid solution, although it is partly cMssociated ifito its constituefits 
by water. # 

Coiman and Smith “^l^vc introduced a slight mofiification of their 
original ^method for the determination of ijaphthalene in coal gas, 
which the gas is passed through'^ series 'of four wash-bgttles, the 

^ Annual Report on Alkah^ etc.^^Voi ks^ 1906, p. 461. « 

/. Gas Lighting^ I918, 144 , 22r\-2i2. ^ /, Soc. C/iem. Ind,^ 1900, 19, 128. 
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first — of ^lass throughout — containing a lo per cent, solution of citric 
acid to retain any ammonia. The second contains lOO c.c. of Nj 20 
picric acid and the third 50 c.c. of the same solution ; the last is left 
empty to retain spray. It is important that the gas should not have 
access to india-rubber, prior to and during its passage through the 
train of wash-bottles, for a« length of about 18 in. of india-rubber 
absorbs the whole of the naphthalene Jn gas containing 6 to lO'grs. 
per 100 cb. ft., vvlren the latter passes ^at the rate of from 0-5 to i 
cb. ft. per hour.^ The picric acid solution is standardised with Njio 
sodium hydroxide solution, lacmo'rJ or phenfflphthalein being used as 
indicator. The gas (about 10 cb. ft.) is passed through the apparatus' 
at a rate not exceeding i cb. ft. per hour, the volemc being corrected 
to N.T.P. (generally 60° F. and 30 in. pressure). After passage of the 
gas, the contents of the third and fourth bottles of the train are washed 
into the second bottle, which isi then 'closed with a tight-fitting rubber 
stoppi^r fitted with glass stopcock or similar device. By means of a 
pump, the wash-bottle is evacuated until the precipitate rises .to the 
surface. The stopcock is then closed and the contents heated to 
boiling by immersion in a bath with occasional shaking and then 
allowed to cool, the shaking being conti\:ued to prevent sublimation 
of the naphthalene into the upper part of the bottle. The whole of 
the naphthalene is thus converted into naphthalene' pfcrate. The 
volume of the cold mixture is measured, the precipitate is filtered off 
through a dry filter paper, the first few cubic centimetres of filtrate 
being rejected, and 100 c.c. of the filtrate titrated wi'th A710 NaOH 
solution. Kv cc. is the difference between the volume of N/io NaOli 
required to neutralise the total volume of A720 picric acid originally 
taken and that required for the neutralisation of the total volume of 
picric acid solution after heating and filtering, then — 

grains of naphthalene per 100 cb. ft. v , ^ 9-7 S’ ^ , 

volume of gas jiasi^ta , 


A modified method, which is sometime? convenient, fnough rather 
less accurate, is to filter off at the pump the naphthalene picrate which 
separates after the heating proce.ss, wash ^>nce with a small quantity 
of water, then wash the pre'eipitatc from the filter paper into a flasj<, 
he^it till all is dissolved and titrate the hot solution with N/io alkali. 
The volume of alkali used ' should be identical witfi v above, and ‘ 
ttie quantity bf naphthalene is calculated by the same equation. 
Slightly lower results are usually obtained i!j this manner. 

Knublauch- has criticised the Colman-Smith method of naphthalene 
determination and states that allkhe naphthalene is not precipitated 


^ /. Gas Ltghlin^^ 7 ^’ 4 * 4 * 

J. Gasbeleuchl.y 1916 , 49 ,^ 525-540 ; Gas Jourmly 1917 , 137 , 64 . 
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combined form, and that the use of a separate vessel for^rammonia 
absorption renders the method unsuitable for use with warm gases. 
After very detailed investigations of the factors involved, he has devised 
two methods of determination, termed respectively the dijferencc and 
the direct titration method. The difference method follows the lines 
of the Colman-Smith method already deswribed, two vessels containing 
a I ‘per cent, solution of pic/ic acid being employed. The “direct 
titration method” is simple, and applicable Ho warrm gases, while no 
separate vessel is necessary for prior absorption of ammonia, cyanogen, 
phenols, etc. The first o^ two cylinc/rical wash-bottles contains i lO c.c. 
•of a mixture of 40 c.c. gf i per cent, picric acid, solution, 40 c.c. of 
N sulphuric acid, and 30 c.c. of water. The second wash-bottle contains 
55 c.c. of a I per cent, picric acid solution. In'the absence of ammonia, 

I %per cent, picric acid .solution is used in both bottles and from 50 
to 55 litres of coal gas are pas’sbd through the wash-bottles. When 
sulphuric acid is vised in addition to picric acid, from 80 to 85^ litres 
of gc^ are passed. Towa'fds 'the end of the' absorption, a little 
picrate is formed in the second vessel. The whole of the precipitate 
is transferred to a filter and washed with a o*2 per cent, picric acid 
solution until free from §’ 4 phuric acid. The precipitate and filter 
paper are then transferred into the sdcond cylinder and titrated with 
iV/io alkali; lining phenolphthaleiy aV indicator, o-i c.c. N\\o NaOH 
being allowed for the picric acid used in washing, and the naphthalene 
content is calculated from the titration result as described above. 

Jorissen and Rutten ^ emphasise the fact that low results are 
^obtained by the picrate method if the naphthalene picrate is washed 
wM?h much water. They find further that when a saturated solution of 
picric acid containing also solid picric acid is employed, the naphthalene 
picrate is directly precipitated from the gas as undissociated picrate. 
They thereforc^recommend the following procedure 

Twb Uurtdrcd and fifty "c.c. of a saturated solution of picric acid 
is evaporated to abdut 150 c.c. and transferred, while hot, t® two 
absorption l?ottlcs. The- gas, previoii.sly freed from tar-fog, cyanogen, 
sulphuretted hydrogen, and ammonia, is passed throiigl;^ the bottles at 
the rate of about 1-5 cb. per hour, ^intil a fair quantity of picrate 
tias been formed in the first bottle. Thcf solution and precipitate are 
then washed into a flask, made up to 250 c.c., tlvc closed flask hesiJted 
to 40^ for about^half an h«ur, and shakeif from time fo time till all (he 
picrate has dissolved. After cooling/fthe solution is fidered from th^ 
separated naphthalene ^/crate, and an aliquot portibn of the filtrate 
titrated *with N/io alkaii, the same^ volume 'pf the original solution 
Wnf also titrated. From the difference betwec*n the two titr|Ltions the 

amount of naplithalefle is readily calculated, as on p. 316. 

, • » * 

^ /. CAem, /»</., 1909,^28, 1179. 

I 
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For general works’ practice, it is satisfactory to absorb naphthalene 
in a solution cf picric acid made by adding one volume of alcohol to 
feur volumes of a saturated aqueous solution of picric acid.^ No 
dissociation of naphthalene picratc then occurs, and heating in vacuo 
may be omitted. 

Gair^ use§ acetic acid (s| . gr. 1-044) as an absorbent; this appears 
to be advantageous when testing hot ga*^ Naphthalene is precipitated 
from solution by addition of picric acid, soKition and is determined 
either volumetrically or gravimetrically. 


Tar-fog. 

The determination of tar-fog present at various points in the pipe- 
line system employed in coal-gas manufacture and storage is frequently 
of importance, and is conveniently inade by the method proposed by 
Claytpn and Skirrow.^ 

A long glass tube J in. in external' diameter is taken, a smaH hole 
J in. in diameter blown near one end,- and about 12 in. of the 
tube above this hole filled with loosely packed cotton wool, previously 
extracted with carbon bisulphide to renrove fatty matter. The end 
of the tube near the small side hole is closed by a cork, and the tube 
inserted through a cork placed in'a in. cock on the niaii'i conveying 
the gas, and so fixed that the small side hole faces the gas stream as 
nearly as possible two-thirds across the main, or one-third of the 
diameter from the side opposite to the cock through which it is inserted, 
this being the point of mean velocity of gas in the main. The whole 
of the filtering material should be within the main, so that it is kbpt 
at the same temperature as the gas to avoid condensation, and the gas 
is allowed to pass through the filter at such a rate that the gas velocity 
through the J in. bole is greater than that of the gas iij the main. It 
is only by observing these precautions that it is possible- to obtain 
uniform results. ^ 

The gas, after passing through* the filter, is purified by oxide of iron 
and measured Jn a meter, from 20 to 30 cb. ft. being passed. The tube 
is then removed from the maii\. the external surface wiped clean from 
tar, and the cotton wool containing the tar placed in a Soxhlet tube, 
and extracted with carbon bisulphide in a tared flask. The carbon 
bisulphide extract is evaporated off on the 'water-bath, dry air finally 
drawn through the flask for half t minute, and the flask again weighed. 
From the weight of oil and the volume of ^?s passed, the amount of 
tar-fog per 100 cb. ft. is^ieadily calculated. 

The free carbon iii Ihe tar rsimains in the cotton wool ancf SOiCe 

» ' 

^ Cf, Somerville, f. Soc. Chan, Ind.^ 1907, 26, 1263. . 

2 Ibid,^ 1905, 24, 1279 ; 1907. 26, 1263. / /. Gas Lighting , 1907, 98, 660. 
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of the low-boiling constitujsnts of the tar are evaporated^ with the 
carbon bisulphide, so that the results are low, but the figures obtained 
are fairly coAiparative and sufficienlly exact for most practical purpostss. 

In Feld’s method,^ the gas driwn from the mail], as already 
described, is passed through a weighed U-tube containing cotton 
wool. Before weighing, the latter is pla^ced in a water-bath warmed 
to the temperature of thc^gas in the main, and the gas passed through 
it, after traversing two additional (J-fubes placed in the same bath and 
filled with cotton wool (unweighed) and calcium chloride respectively 
until its weight is constant. Thd^’weighed tube is then connected 
•directly with the tar-ladei] gas stream and a measured volume of gas 
passed. The tube then re-connecteci to the outlet of the two (J-f^bes 
previously employed, and the gas 'again pa.jsed until the weight of 
tl^ tar-absorption is constant; the increase of weight gives 

the amount of tar-fog in the 'Volume, of gas passed. Working in 
this manner, the, moisture in the filtered tar is removed without 
simultaneous loss of tar va^jours, as the gas •employed is always 
saturated with tar, vapours *at, the temperature of the gas main. 

• 

•• • ^ O^ifees of Nitrogen. 

The deteritiination of oxides ^of'witrogen is of importance more 
especially in ammonia oxidation plants. In the absence of ammonia, 
nitric oxide and nitrogen peroxide arc determined by absorption in 
standard alkali •and titration of the excess of alkali with or without 
^addition of hydrogen peroxide. Owing to the difficulty of absorbing 
nkfic oxide by water or alkali, a large excess of peroxide should be 
used to ensure oxidation to peroxide. 

In the gas leaving the catalyst of an ammonia oxidation plant, 
unoxkliscd ammonia is present along* with the ojxides of nitrogen. 
The usd oyiydrogen peroxieU or other oxidising agent in this case needs 
speciaT consideration, jIs hydrogen peroxide and ozone oxidise ammonia 
to ammonium nitrite. F©^ ’ suggests the following procedure for the 
analysis of the mixture. The gas is mixed With a m^iasured volume 
of oxygen sufficient to o.lidi.se the nitric oxide, and is’ then passed 
yirough two absorption vessels. The first contains standard alkali 
only, and absorbs a portion of the nitro*gcn peroxick and all the ammcyiia 
unless this is present to •an abnormal Extent. The second contains 
standard alkali and hydrogen peroxide to about i pef cent, concen- 
tration, to complete the^ absorption of nitrogen perc^ide. Ammonia 
is deterffiined by oxidation with sodium hyraobromite, and nitrogen 
^^iwlticle by separate titrations of ike two absorbing soluti9^ns. The 
residual gas il measflred in an aspirator and allowance made for the 

^ /. GasbeleucJit.y 1911 , 54* 33- •, ^ ^ /• Eng, Chem,^ I 9 I 7 » 9) 737* 
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volume oil oxygen added, the water vapour condensed from the gas in 
the first abso('ption vessel, and the small volume of oxygen evolved 
fjiom the hydrogen peroxide. A simple formula is deduced from the 
results for the ratio of nitric oxide to ammonia. Different methods 
offering possibilities for the development of rapid works control have 
been devised by Taylor and .Davis, ^ and' by Gaillard^ (see p. 487). 

Nitrous oxide may be determined by ' combustion with either 
hydrogen^ or canbon omonoxide ^ in thc' Drehschmidt platinum 
capillary heated to bright redness (see p. 257). The use of carbon 
monoxide is preferable, as under '/'certain coi?ditions ammonia may be 
formed when hydrogen is used. 

‘ Sulphui Dioxide. 

Sulphur dioxide may be determined by titration as describid 

on pp. 393-400* 

Sedium hydroxide is often employed for the determination of total 
acid gases, and the results obtained combined with that afforded by 
iodine solution make it possible to dcfermine SO^ J^nd SO. separately. 
When the test is prolonged, oxidation of the sodium sulphite formed 
occurs, and this was shown by Titoff'*'’ f^jbe due to .minute traces of 
catalysts, and to be prevented by employing a negative catalyst ; 
Haller‘s recommends the use of glycerol for this purpose. 

Hydrogen Phosphide. 

The determination of traces of this gas in technical acetylene is 
of great importance. Hydrogen phosphide, together with sulphur 
or silicon compounds, can be detected by bubbling the gas through 
an acid solution of mercuric chloride, or by causing the gas to impinge 
upon a black filter paper soaked with mercuric chloride and moistened 
with 10 per cent, hydrochloric acid ; a white stain results if compounds 
of phosphorus, sulphur, or silicon arc present. 

The quantitative determinat’o.i depends upon the oxidation of 
hydrogen phosphide to phosphoric anhydride. Lunge and Cedcrcreutz ^ 
pass a known Volume of acetylene through a ten-bulb tube containing 
a 2 to 3 per cent, solution of sodium hypochlorite. The liquid is 
washed into a graduated flrsk and phosphoric acid estimated in orie 
hc^lf as magnesium pyrophosphate. The remaining half is employed 
^^\jr determinirig sulphur as barium sulphate. There is 'risk of explosion 
when passing acetylene through the hypochlorite solution. 

1 /. /nd. Chem,, 1917, p, 1106. 2 n 

^ Knorre and Anidt, Ben 21, 2i;j6. 

■* Treadwell and Hall, A/iaL Chsm., 5th ed., 1919, 2, 802, 

® Z. physik. Chem.y 1903, 45, 641. « /. Soc. Chttn. Ind.^ 1919, 38, 52 T. 

Z, angew, Chem.^ 1897, JO, 051. 
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Dennis and O’Brien ^ modify this method by producing tlic acety- 
lene from calcium carbide without marked rise of temperature in a 
small Kipp’s •apparatus by means bf a saturated solution of sodiurr) 
chloride, and by employing for absorption a Friedrich’s ^gas-washing 
bottle, modified so as to permit easy rinsing with water at the end 
of the passage of gas. Method^ in which the acetylene is burnt, and 
the jihosphoric anhydride *dctcrmined in the products of combustion, 
have been devised by Kitner and Keppel^r,- aijid by Gatehouse.-^ 
The latter burns the gas at the rate of about lo litres per hour in an 
ordinary burner under a^bell jar. 'The products of coir..bustion pass 
through a drying-tower and a long condensing tube down which a 
little water trickles. ^The apparatus, at' the end of the test, is cooled, 
wmshed out with water, and the phosphoric jacid in the condensate 
an^ washings titrated with Nj lo sodium hydroxide, using phenol- 
phthalein as indicator. ^ * 


AUTOMATIC ’CxAS ANALVg'lS 

Various forms of apparatus,* which automatically determine and 
record the percentage, of a c^J^stituent gas in a mixture, are available, 
more especially for the determination of carbon dioxide. 

In the sirrtplest forms a soda-limci ab.?orbing vessel is placed between 
two synchronously running gas meters, and the CO2 percentage read 
off from the difference of the volume of the gas before and after 
absorption of Bi-Mctcr COo Recorder} To reduce the 

error due to variations in temperature in the gas in the two meters, 
ther^as passes through a water cooler prior to entering the individual 
meters. , 

Sinunajuds Combustion Recorder, The “ S. A. VV.” combustion 
recorder ^ is shqjvn diagrammatically in' Fig. 167. The apparatus is 
operate^ iw: Tollows. Water 'passing through the injector A in the 
water supply, causes a continuous stjeam of gas to be drawn out of the 
pipe-line from the flues Bj^his is seen bubbling through the water in 
the tcll-talc chamber C. After passing through' the injc<;tor the water 
flows into a tank E fitted with a syphe^n pipe F, which empties the 
tajik when full. 

As the syphon discharges the water more rapklly than it flows in, 
'^the tank is periodically fillefl and emptied.* Standing inside the syphon^ 
tank is a metal bell, G, having an inlet ^jipe, H, communicating with the 
flue pipb tjirough a simply non-return liquid seal, J, ail’d an outlet pipe 

« ^ J. Ind. Cltern.^ 1 912, 4, 834. • ^ 

1901, 44, 548. ^ Acetylene^ 1908, 5, 167 ; 1909,6, 58. 

• * Made by the Cambridge and Paul Scientilk Instrument Co., Ltd., Cambridge, Hngland. 

^ Supplied by Messrs Alexandef Wright & Co., Ltd., Wfttminslcr. 

• . • Y 
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K, opening to air through another liquid seal, L. Within the bell is a 
smaller gas chamber, M, open at the bottom, with an outret pipe at the 
i^op which is led down into the tank containing the potaSh solution, N. 
As the surrqunding water in th^' syphon tank falls, so a sample of gas 
from the continuous stream is drawn into the bell, and as the water 



rises the bulk of the sample is discharged through the outlet seal, 
while the remainder in the smajlcr gas-chamber is forced through the 
potash solution, and rises under the measuring bell, 0, the bent pipe of 
which has been meanwhile closed by the water in the syphon tank. 
The quantity of gas (rapped in ±e inner bell is just suff^cien^t^€^ ’•aise 
the moving bell over the scale of lOO divisions vihen no carbon dioxide 
is present and absorbed'* m the potash solution. If the sample of gas 
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drawn in contains carbon djoxide, the bell is not raised so^high,the 
height being a direct indication of the percentage v<i)lume of the 
carbon dioxide contained in the sample. « 

The height is recorded by a ^en mechanism and an analysis 
completed about every three minutes. The ends of the pen markings 
form a continuous curve. * , 

The apparatus and its tnode of ()])eratioii slightly modified when 
employed for recording tke percentage of ca#bon dioxide in illumina- 
ting gas. The apparatus is also applicable, with slight modification, to 
the determination and recording oflj^e percentage of carborr monoxide 
^n coal gas, producer gas, \Yater gas, etc. For this juirpose the entering 
gas is aspirated thnpugh a train of reagents, whereby carbon dioxide 
afid ethylene are first removed from The gas afld the carbon monoxide 
subsequently oxidised to carbon dioxide. 


Other forms of carbon dioxicl^ recoi^dcrs of this chemical type are 
supplied by the “iSarco” Engin'ecring Co, I.ondon, and the 1 ^. 
Patent^, Ltd., Leeds. Thesb, 1?ogcther with tne Arndt and the 
Webster carbon di^)xide reforjclers, the Levy and Simmance carbon 
monoxide and the Edwards sulphuretted hydrogen recorders, are 
described in Cas Word’s RecO’i^iers, by L. Levy, London, 1922. 

The Katharometer. — The katharometer, initially designed byG. A. 
Shakespeare^ fen- indicating the i)re.sen<?e of small quantities of hydrogen 



in air, has been developed by the Cam- 
bridge and Paul Scientific Instrument 
Co., for recording the percentage of 
carbon dioxide in due and other gase.s. 

The instrument utilises the principle 
that the heat loss from a fine heated 



Fio. 168. 


Fici. 169. 


wire surrounded by gas within a small cnclosuse is conditioned by 
the thermal conductivity f)f the gas in 'the enclosure. The instrft- 
ment contains two identicjjl spirals of platinum wire, efTclosed in two 
separate cells in a metal^ block (Fig. 168), each of tfle spirals being 
connecteef to form one arm of a balanced Whcj^stone bridge circuit as 
in - ?Igr 169, the other two arms i)eing coifs of manganjn wire. 

* If an electric current' flows in the circuit, the spirals become heated 
• • • • 

^ Roy. Soc. Proc.., 97» 273 P>oc. I/^s, Soc., 1921, 33, 165. 
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and wilH'lose heat to the walls of the enclosures. If the respective 
enclosures contain gases of different thermal conductivities, the spirals 
\^ill cool at different rates, and the difference of temperature of the 
two wires vdll cause a deflection of the galvanometer, which is 
dependent on the difference in thermal conductivity of the two gases. 
If, therefore, pne of the enclosures contains a pure gas and the other a 
mixture of two gases, the deflection will be d measure of the amount of 
the second gas preicnt, ?.nd the galvanometer scale can be calibrated 
so as to indicate directly the composition of the mixture. Either 
an indicating or recording galv'/hometer may be employed. The 



arrangement thui re.sembles that of the platinum resistance thermo- 
meter (p. 1 52). ' ' , 

The thermal conductivity of .hydrogen at ordinary temperatures 
is about five times that of any other gas v,‘ivh the exception of helium, 
the thermal conductivity of which is slightly larger. The katharometer 
is therefore extremely suitable for the determination of the purity of 
hydrogen, or the admixture of hydrogen with air or other gases. 
The chief limitatioii of the method is that it can give no qualitative 
^ ^formation, and can only give quantitative results m certain special 
cases. It is alrnost impossible "to deal with very complicated mixtures 
of gases. Moreover, the sensitiveness depends slightly on temijferature 
and very largely on thi current in the bridge, which must therefore be 
adjusted about once a day. ’* 

The instrument has found application in' detecting dangerous 
mixtures in the neighbourhood of hydrogen generating plants, in the 
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determination of leakage of hydrogen and helium through balloon 
fabrics, etc., and the analysis of nitjogen-hydrogen mixtures employed 
in ammonia 'synthesis. Nitrous oxide, carbon dioxide, and metharAj 
in air are mixtures which lend themselves readily to aaalysis by the 
method. The analysis of producer gas, blue water gas, coke oven 
and blast furnace gases is not at present possible by^the method. 
The ’instrument has, ho^\^ever., been .satisfactorily applied to record- 
ing carbon dioxide in flue ^ases. Of thc^ gases present, nitrogen, 
oxygen, and carbon monoxide (in certain cases) have nearly the same 
conductivity. The quantity of hydrogen and methane is* extremely 
^mall, and the gas is always saturated with water vapour at the 
temperature of the instrument. 

* For measuring the percentage of carbon dioxide in flue gases, the 
katharometer is mounted in a head carrying the two manganin 
bridge coils, and a series coil in tfie galvanometer circuit which makes 
all katharometers kiterchangcable. Flue gases are aspirated ovar one 
of the^platinum spirals by inserting the head in* the flow system, as 
shown in Fig. 170, ‘the gas(?s -bi!ing previously filtered through wood 
wool, linen, and glass wool. Four-way leads are taken from the 
katharometer to^the; indic;ail)r or recorder situated at any distance. 

A single indicator may be employed with a number of katharometers, 
convenient switches being momitcd.on panel near the indicator. 

Other Forms of Gas- Analysis Apparatus operated Electrically. 

* Various devices for analysing gases automatically, and more 
esp(3cially for indicating the presence of a definite maximum amount 
of one combustiye constituent, have been developed by Weaver and 
Weibel, and others.^ 

These depend upon the combustion at the surfac# of an electrically 
heatec^* plfitiTium wire of flic gas contained in the surrounding 
atmosphere.^ This, combustion taj^^es^ place at a temperature fnuch 
below the normal ignitip» temperature of the gas. The resulting 
rise in temperature of the wire depends upon the quantity of com- 
bustible gas present. Tl?e measurement of temperature is effected 
iij various ways. Thus the comperisatcd bridge indicator (p. 153) 
consisting of a Wheatstone bridge of four platinum wjres, two of which 
on opposite sidus of the bridge are rendered inactive ^ a thin coat-^^ 
ing of inactive material, m»ay be used* in the manner^described above. 
A volfmeter with scale# graduated to show the percentage of the 
CQmbustit)le gas hydtbgen in electrolytic o^)^gen, carbon monoxide 
in-afr about producers, etc.) is connected across the bridge, aiid serves 
" to indicate at all time! the percentage of the ^as in q^jestion present. 

^ See Bureau of ShwiiardSy Se^mtiHc Ptptrs^ 1919-ao, I 5 ) 47 * 
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A contact-making attachment causes an alarm to ring when the amount 
of gas reached the limit for which tl)e contact has been set. 

' A glowing-wire indicator consists of two short lengths of fine 
platinum wire, the currents through which are supplied by a dry 
battery and controlled by two small rheostats. One wire is active, 
the other inactive. By adjusting the rheostats, the two wires may 
be made to glow with the same intensity. One rheostat deterrhines 
the ratio of the cu? rents’* in the wires, and (Tan be graduated so as to 
indicate the percentage of the combustible constituent directly. The 
device is practically indepcndent*»of the illumination at the place of 
use and independent of the voltage of the battery used. The glowing- 
wire indicator is suitable for use in detecting leaj^s in gas mains, and 
in examining spaces in which the presence of a dangerous amount of 
combustible gas is suspected. 

The bimetallic detector, intended only to actuate an alarm or other 
device when the amount of combustible gas attains' the limit for which 
the alarm is set, consists of two bimetallic strips, with one end tf each 
rigidly fixed to an insulating support. • A millimet/e or two below the 
strips are stretched platinum wires,- one active, the other inactive, 
which serve to heat the bimetallic strip'*. When equally heated the 
strips bend equally, but when unequally heated, they indicate by a 
relative movement of their free ends the difference in temperature. 
The platinum wires arc connected in series to any convenient source 
of electric current, direct or alternating. The free ends of the bi- 
metallic strips bear contact points which, when the strips come 
together, short-circuit the platinum wires through an alarm. One of 
the contacts is adjustable, permitting the instrument to be set for 
various percentages of combu.stible gas. The inst'-ument is readily 
adjustable to sound the alarm at less than o-i percent, of hydrogen. 
A somewhat simhar device has been employed by Alderson and 
Holmes.^ For an automatic method of determining carbon- mopoxide, 
sec p. 323. 

'j 
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fe 

Analyses, from the fuel standpoint, nmy be required of wood, peat, 
lignite, coal, and their products of carbonisation, wood charcoal, coke, 
gas, afid tar products. To tliesd must be addedf petroleum products, 
and less frequently vegetable .otls. 

Wood, wood charcoal, and •peat need hardly be considered, as 
determinations oj moisture 'lind ash usually give all the information 
required. 

Sampling;.— Unless the portioii analysed is truly representative of 
the bulk, an accurate analysis is worthless. Moreover, if any doubt 
arises, the analysis of the laboratory sample can be repeated, but it is 
usually impossiWe to get another sample from bulk. The sampling must 
be carried out according to a properly worked-out plan, and if the price 
paid for the fuel depends on the analysis, the method of sampling 
shoiild be a part, of the contract. With coal, difficulties of sampling 
are caused by the presence of lumps of shale, slate, bone, or pyrites 
and v^ariations jn the ash and moisture* of the coal substance. Coal is 
far fro^n bein^ the homogeneous substance it appears to be externally — 
a fact not always appr*eciated by eijgiqccrs or other coal users : hence 
the problem of coal sam^Ung shoulcf be considered as identical with 
that of ore sampling. As showing the vaYiations Jn apparently 
homogeneous coal, the following examples are of interest. In a piece 
c\f Dcister coal weighing 5 kilogram.s, Fischer found the ash to vary 
from 4 per cent, to 31 per cent, in different portions of the sample. .In 
twenty-four sarr^ples frorrP the Unser Fritz mine, the ash varied only^ 
between the limits of M per cent, an^ 7-8 per cent. Eight samples of 
coal frbm a Leicestershirjc mine showed ash varying T^etween 8-4 and 
per cent., and fifteen samples qf anthr^^ite from another mine 
hau"'a.sh contents between the limiti^ 3 and 41 *per cent. In, the two 
last series the samples were clean coal and free from, bone and slate. 
The general problem of •§ampling has ^already been dealt with on 
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pp. 4-T2I For fuller details of coal sampling, reference may be 
made to the Report of the Comnyttee on Steam Engine and Boiler 
Trials (Institution of Civil Engineers, 1914), and to Bulletin 116 of 
the U.S. Bureau of Mines (“ Methods of Sampling Delivered Coal,” 
by George S. Pope, Washington, 1918). In a valuable paper on coal 
sampling, E. iG. Bailey ^ emphasises the necessity of keeping a proper 
relation between the size of the larges^ lurrip present and the weight 
of the sample containing’ it. He gives , the “following table, based on 
an extensive series of experiments : — 

" f r 

r 

i 

to which Coal should be broken before quartering or dividing 
Sdniples of Various Weights. 


Weight of wimple 


ilaximuui size 

Weight of sample 

Maximum sue 

to be divided. 


of lumps. 

to be divided. 

of lumps. 

Lbs. 


Ids. 

I^bs. 

Ins. 

7500 . 


. 2 

' 40 . 

2 mish 

3800 . 


. . 1.5 

■ . 5' • 

<• . . 4 mesh 

1200 


. I 

, 0*5 . 

8 mesh 

460 . 


. 075 ! 

: 0.25 

10 mesh 

180 


. 0.5 1 



Washed 

coal, or 

any coal sh6wing visible 

moisture, cannot be 


reduced to a 5-lb, laboratory sample without serious error. Some 
experiments carried out by the writer showed that this error may 
amount to as much as 5 per cent, and other workers have also found 
errors of the same order. This error can be minimised by dividing 
rapidly down (with crushing if necessary) to a 100 or 200 lb. sample, 
and air-drying this on a metal tray weighed on an ordinary steel- 
yard weighing machine. (P'or details see Report of I.C.E. Committee 
above quoted.) , ' ^ , 

Although many text-books on fuel, and original papers on boiler 
trial fuel sampling, etc., give artifdd details of the methods of sampling, 
data from which the accuracy of such samfjling can be checked arc 
very infrequently given, and hence some er.amples drawn from actual 
practice may be of interest. "From a lighter containing 100 tons of 
Welsh coal (large cigal with about 30 per cent, of slack, air dry) two 
bulk samples of about 2 tons each were tqken during unloading by . 

Withdrawing a- shovelful from eajeh skip, care being taken to keep the 
right proportion ‘of large coal and slack. The first heap, B, was r, educed 
to a lO-lb. sample by crushing and quartering by hand in the usual 
manner. The other heap, A, wa^ treated similarly, but portions ofjhe 
rejected* halves were worked down to small bulk separately, using a , 

r 

* J. Ind. ^ng. Chen\.^ igog, I,vl 6 l-I 78 . 
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riffle sampler. These samples were labelled A^, A2, Ag, fete. The 


results were as follows : — 

• 

No. 

> 

B.T.IJ per lb. 

Moininre. 
Tor cent. 

/ 

Ash. 

Per cent. 

A, . . . . 

. 15,000 

I-I 

« 

5-5 

A.. . 

,. 14,680 

II 

6-0 

A3 ... . 

14,750 * 

0-9 

#67 

A, . . . • . 

15,040 

1-5 

5-3 

B 

1 4,900 

* 111* 

7-0 

Mean . 

14,874 

1*2 

6-1 

• * 

Error expressed as deviation frofn the mean ; — 


% 

r<T §oiit. 

Per cent.* 

Per cent. 

Maximun\ 

+ M 

+ 0.3 

+ 0-9 

Minimum 

'- 1*3 

•- 0-3 

-0-6 

Average . 

±0-8 

±0-2 

±0-8 


Duplicate samples from biill< *taken •by the writer during numerous 
boiler trials have given differences of the same order, about i pea- cent. 
Wasl^d slack, with a prelirhinafy air-drying of h 200-lb. sample, gives 
smaller differences^ 0-3 to 0*4 per cent. On the other hand, small 5-lb. 
samples obtained directly from* washed .slacks, without air-drying on 
the large sample^ shpw difti)ences up to 5 per cent. Another example 
of coal sampling from a barge is given below. One sample was formed 
by taking a ^lovelful from the 5ptli,* 150th, 250th grab, and so on; 
the other started with the looth grab, so that the two sets overlapped 
right through the cargo. Each of these was independently reduced to 
small bulk in the usual way. The figures obtained were : — 

No. 1 Sample. No. 2 Sample. 

Moisture . . . 10-4 per cent. lo-o per cent. 

• Ash .... 9*6 „ 9-2 „ 

CalorificValuc . . 1 2,900 13,020 

With reasojiable care and experience it is clear that coal can be 
sampled £u/kh being shifteeP with an accuracy of i per cent., and in 
special cases, such ^ as* washed screened coal, to between 0-3 pe/ cent, 
and 0-5 per cent. • * 

The whole of the laboratory sample is air-dried to constant weight 
in a small weighed tray (the original container being weighed wifli it 
|f there is visible moisture), then rapidly reduced to powder in a coffee 
mill, or by other mechanical means, ani^ finally*powdered to at least 
100 mesh in a, small cldscd ball mill. ‘Grinding m a mortar, or* in 
certain forms of disc grinders, leads lo a loss of moistufe^ owing to the 
local "ri-sc of temperature due to friction. In coke sampling the 
J;iardness must be borne m mind and pare tak^ to avoid contamination 
from metallic iron derived from the finding apparatus. ^ 

Moisture. — For tvashed or visibly wet coals the^ preliminary air- 
drying on at*least 100 lb! .described aboye fs essential, and the figure 
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obtained ‘should accompany the small labpratory sample. The whole 
of the latter ijs air-dried to constant weight in the laboratory before 
reduction to powder, and all the laboratory determinations are carried 
out with the air-dried material atid the results calculated back to the 
original coal. 

One g. is ^weighed into shallow weighing bottle (depth 22 mm., 
diameter 28 mm.) and heated to 105'' to ^107° hi a constant temperature 
ventilated oven hea*‘:ed by toluene or glycerol, cooled in a desiccator 
over strong sulphuric acid, and weighed stoppered. Dry coal-dust is 
very hygro.scopic, and the use of o[\en crucible: or dishes as containing- 
vessels or of an inefficient desiccator gives, low moisture figures. A* 
good alternative method, if a suitable air-pump is ^available, is to dry 
for forty-eight hours in*a vacuum’ of about i mm. of mercury over 
concentrated sulphuric acid at the ordinary temperature. (The RepoU 
of the Sub-committee of the Eighth International Congress of Applied 
Chemistry on the Determination of Moisture, 1912, contains a large 
amount of iiiformatioM on the determination of moisture in coaband a 
comparison of various methods. See aKsQ an abstract? of this report with 
some additional data by G. N. Iluntly luid J. IT. C'oste.’) 

A third method, useful for the estimatif-n of moisture in coals liable 
to oxidation when heated in air,' is based on the distillation of the coal 
with a liquid not miscible with' Wjiter, such as benzene, xylene, or 
petroleum. This method was used by Marcusson for the estimation of 
water in oils, fats, soaps, and resins, and was applied to coal by 
Schlapfer.2 

Fifty to 100 g. of the fuel, according to the water content, is ' 
brought into a 500 c.c. flask and 200 c.c. of xylene added. The flask 
is connected with a vertical condenser by a tube ^of about I cm. 
diameter and the distillate received in a measuring tube of the form 
shown in Fig. 171. * The flask is cautiously heated until ^the liquid’ is in 
a state of quiet ebullition: after 30 c.c. of distillate has bc«en* collected, 
the distillation can be conducted piore rapidly,' about 150 c.c. being 
collected in thirty minute.s. The collectioi? of the water under the 
xylene layer i? facilitated by placing the tube in warm water, and 
brirTging down any drops adhe^ring to the .^ide with a wire. Careful 
cleaning with steam and chrolnic acid solution after each dcterminatioi] 
reduces the tendency*for drops to hang on the sides. The tube must 
be ‘ calibrated, buC other cort^ections for the' shape of the meniscus, 
solubility of the water in the xylene, and losses during distillation are 
best made by running a di.stillation on weighed, quantities of watefr. 

An improvement on /this metfiod has been recently described by 

^ /. Soc. them. I mi., 1913, 32, 62. y '■ 

Z. angnu, Chrm,^ 1914? 27, A bibliogniphy of the extensive literati^re on this method 
is given in J. Ind. Eng. Chem.^ 1920, I2,t'490. , . ’ 
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E. W. Dean and D. D. StarJ<.^ The special point is the shafpe of the 
graduated receiver (Fig. 172). Th^ condensed water is cpllected in the 
closed end, and the excess of hydrocarbon flows back into the distilling 
flask, which is round-bottomed and of 500 c.c. capacity. A mixture of 



2o per cent, of commercial xylene and* 20 per cent, of commercial 
“ 90 per cent, benzol ” is rccomme^ndccT by the authors. Remits 
with measured, amount.f of water agi'ecd within *0-i c.c., which* is 
apparently the normal experimental terror. For substaTices containing 
small T>ercentages of water a larger distillation flask ancl correspondingly 
J^rger quantities of material will giv^ higher ^^ccuracy. When applied 
to coals, this method can be used wberc there Ts a tendency to oxidise 

in the oven, and tht use of 50 or 100 g. samples obviously gives a 

• • • * 

’ J' Ai</. Eng. Chem.^ I92f, 12, 488. 
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better average result than in methods working on i g. For oils the 
method is iiii general use, and it is specially suitable for tar oils or 
emulsions containing large percentages of water, in which direct 
distillation gives rise to unpleasant bumping. 

Ash.— For coal, coke, lignite, or other solid fuel, a i g. portion is 
heated in a ^lat-bottomed porcelain dish, platinum dish, or tray, in a 
gas or electric muffle. The heating must be gradual and the dish 
should be covered until ^^he coking stag^e is- passed, as particles are 
liable to be thrown out of the dish owing to decrepitation. The cover 
is removed -and the carbon burnt off at as low a temperature as possible, 
about 75 o°-8oo°. The joint Committee of, the American Society for" 
Testing Materials and the American Chemical Society recommend 
a muffle temperature of 700° to 750'.^ 

The ashing is more rapid when the fuel is spread out in a thin lay^r 
in this manner than when a crucible' is employed, and no stirring is 
required. After cooling and weighing, the ash is treated with a little 
alcohol, when any uh.burnt particles will be visible. The alcohol is 
evaporated on the water-bath, thus causing the ash to adhere to the 
dish, which is reheated in the muffle for thirty minutes and again 
weighed. The process is repeated unt^i-l the variation in weight 
between two successive ignitions is 0-0005 S- unburnt 

particles show on treatment with akohol. 


G. Lunge determines the ash in a crucible. A circular hole is cut 
in a piece of asbestos board or quartz plate and the crucible is placed in 
this as shown in Fig. 173 ; the flr.me thus comes 
contact with the lower part of the crucible ' 
piimimiiiiS only, and the fuel itself is in free contact with 

I I air. The temperature should be kept as low 

Jr I \ as possible consistent with combustion, and 

/ I \ ‘ coments of the crucible frequently stirred. 

/ jJl - During the incineration of tWcc^l Various 

chemical changes other ' than the removal of 
combustible matter ,rpay take place — removal 
of ca^rbon dioxide from carbonates, oxidation of iron pyrites to ferric 
oxide, formafion of silicates, etc, — and hened' the weight of the ash will 
depend to some extent on the temperature of ignition. If the ash 


content of a coal is required Yor controlling deliveries under a contract, 


thd incineration temperature' should be given in the specification, ‘ 
although if th^ carbon is burnt off at the lojvest possible temperature 
the results are usually consistent. A suitable type of gas mis-ffle is 
shown in Fig. 174, and a^^ electric muffle in Fig. 175: the latter' permits 


^ J. Ind^Eng. Chem.^ 1917, 9, 100. See also F. Weisser, CJiem. Zet!.^ 19141 38, 1264, 
1289, and J. Soc, Chenh Ind.y 1915^34, 130; and F. M. Stanton and A. C. Fieldner, “Methods 
of Analysing Coal and Coke,” Bureau Mines Technical Piper 8, Washington, 1912. 
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a very exact temperature control. After weighing, the ash may be 
kept for analj'sis. 

o The detcniUnafion of ash in oil requires some special' precautions. 
From 25 to, 50 g. of oil is weighed out into a platinum dish and 
heated very gently, preferably over a luminous Argand burner turned 
low, so that the oil gradiiall)' evaporates without catching fire. When 
no more vapour is visible, the dish is covered and the residue gently 
raised to the cokingjtemp^rrature. On removing the cover, the residue 
should smoulder away without flame ; the final ignition is most 
conveniently done in the mufdc. ^ The ash from oil, and from some 
bitumens, is light and pulverulent and may readily be lost through' 
the draught caused by carelessly opening the desiccator in which the 
dish has been cooled. If the oil is' allowed to burn at any stage of the 
incineration, the draught produced by the flame is usually sufficient bo 
carry away the greater part of the ash. ' 

Volatile Matter and Fixed Carbon. — The amount of coke left 
after ignition of the c^oal in a closed 'crucible, minus the ash, is known 
as the fixed carbon^ and the loss, after dbduefting moisture, is the volatile 
matter. 

The determination of volatile matter "^s essen.i'ially empirical, and 
the results depend on the experimental conditions — 6’.^., weight of 
sample taken, weight and mate'rial. of the crucible, temperature and 
period of ignition. The different methods proposed and in use before 
1909 were investigated and compared by K. J. Constam, and his results 
and conclusions given in a paper before the InternatioVial Congress oi 
Applied Chemistry in London, in 1909. With slight modification, the 
method proposed by the American Committee on Coal Analysis Was 
then adopted as the international method. This is as follows : — i g 7 of 
the fresh undried powdered coal is heated for seven minutes over the 
full flame of a Bunsen burner in a polished platinum crpcible weighing 
from 20 to 30 g., and provided with a ti^tly fitting (cajl^ulc s*haped) 
cover. The bottom of the crucible^ which is supported on a platinum 
triangle, should be from 6 to 8 cm. above the; top of the burner. The 
flame when burr'iing free'should be 20 cm. high, and care should be taken 
to protect it from draughts during the determination. The under surface 
of the cover should remain coated with carbon, but the upper surfac^^ 
should always keep ‘free from it. Analyses for arbitration purposes 
glade in different* places by ‘this method ofi the same sample show 
diflerences for the most part of Icus than i per cent, in the yield of coke, 
and only rarely as much as 2 per cent. In the case of lignites of coals 
with very high volatile /.patter, tl^e seven niiiiutes full heating fs pre- 
ceded by a preliminary heating for from four to five minutes over a 
low flame to avojd mechanical losses, and it is soinetimes necessary to 
use a coarser powder to avoid decrepitation. Later refinements include 
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working at a fixed temperature in an electric muffle (925°)nbut these 
have not at*prescnt been geherally accepted.^ 

Hence, ifi a proximate analysis of coal, the moistui\^, ash, and a?h 
plus free carbon are experimentally determined. The fixed carbon is the 
coke residue obtained by the above method less the separately determined 
ash. The volatile matter is '^oo (fixed carbon + ash + moisture), or 
ioo«r- (moisture + coke determined as above). For purposes of classifica- 
tion the volatile matter ij^ calculated to the basis of dry ash-free coal. 

Sulphur. — Sulphur occurs in coal partly as organic compounds and 
partly in inorganic combpiation. These have been further subdivided ; 
•the inorganic into pyritic (or marcasitic) sulphur and .sulphate sulphur, 
the organic into resinic and humic sulphur.^ A distinction has also been 
made between totaf sulphur and “volatile sulphur,” but the definition of 
tile latter term is too vague to be of much practical service. The sulphur 
left in the ash after burning a stihnple in a boat in a combustion tube in 
a current of air (V oxygen is always higher than that found in the ash 
from^ combustion in coinp\js.scx] oxygen, as in the calorimetric bomb, 
and the percentage of sulplwr in the ash of the same coal burnt under a 
boiler may give yet a third fig^ure. The term volatile sulphur is also 
sometimes taken to represent the amount contained in the volatile 
matter driven 5 ff (during (fry distillation, and this can be calculated 
from the sulplmr percentages in the cftal and in the residual coke. 

The estimation of total sulphur in any solid or licjuid fuel is best 
carried out by combustion in a bomb (see p. 347) under a pressure of 
30 to 40 atmospheres, the higher pressure being used if the sulphur 

♦ percentage is high. The quantity taken for combustion depends on 
tV* amount of sulphur in the fu(d and on the capacity of the bomb. 
Tile bombs in use range from 180 c.c. to 500 c.c. capacity, and the 
larger the capacify the le.ss the difficulty in securing complete combustion. 
For goal, i g. is a suitable amount; 10 c.c. of distilled water arc placed 
in the43ogib,before filling a^ 30 atmospheres pressure. The sulphuric 
acid fbrmed is partly •j^resent in the form of fog, and if the pressure is 
released to (5 soon after (Jring, low *re.stilts will be obtained. Hence at 
least twenty minutes siTbuld be allowed between firing and rclegising 
the pressure. Care shoulc^be taken that the washer, if of lead, is kept 
clean and free from incrustation. After evening up, the contents of the 
Somb are washed out into a beakeT, 5 ^.c. of a^saturated solutio^i of 

• sodium bicarbonate added, and the liquid boiled dovfn to small bull? to 
decompose any lead sulphate arising from the washef^ and the pre- 
cipitate filtered and washed. Even in the absence •of a lead washer 

• \ ^ 

^ lf#Lhe temperature is fixed (925” on the IjottoJi of the covered crucible inside), the method of 
healing may be varied. A muffle funuue or simple form of tube fuinacc is convenient. 

A. R. Powell and S. W, Parr^ “A Study of the Forms in which S\*lphur occurs in Coal,” 
University of Illinois Bulletin No. n6, 1919. g * 
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a filtration is always necessary to remove any particles of enamel which 
may have been detached. The washing^s are acidified with hydro- 
f chloric acid, and the sulphate prjcipitated in 

the usual manner with barium chloride. Some 
bombs have been sold the enamel of which 
contained a soluble sulphate ; the washings 
from such instrument^ after burning a material 
^ fr^e from sulphur shpw appreciable amounts 
of sulphate, even after prolonged use. A few 
1 combustions of benzoic acid (which can easily 

be obtained practically free from sulphur) and 
analysis of the bomb washings will show 
uhether the bomb is suitable for sulphur de- 
terminations. The residue in the platinufu 
capsule, may Contain sulphur corresponding to 
0*05 per cent, (or less) of tbe total sulphur in 
„ the coal. It • shduld be fused with little 
sodium carbonate and the , solution added to 
the washings. 

For oil, 07 g. tis a suitable amount if the 
sulphur is i per cent, or undt^r; for oils high 
in sulphur such a quantity of 'oil should be 
taken as to give not more than 0-15 g. barium 
sulphate; for oils very low in sulphur, several 
portions of 07 g. should be .burnt and the 
combined washings analysed. In such cases, ‘ 
some blank combustions of pure benzoic agid 
should precede the actual determination. D-np- 
licates should agree within 0 005 per cent, for 
^ low sulphur oils. 

^ ^ If a bomb is n,ot available, corriby,stion in a 

|1 boat in a tube of hard glass or fused silica by 
the Dennstedt meth^qd (Fig. 176) is accurate 
and is applicable to bbth solid and liquid fuels, 
although with oils v:are and experience are 
requited to prevent back explosions. Platinised 
^ (piarrz or'the Dennstedt stars may be used as 
7 7;^ ‘ the catalyst. Oxygec purified m the usual way * 
/ can be le^ into the combustion tube over the 

II 'oil in the boat, or, independently, into tfip tube 

„ vyithout passing over the oil. The combustion 

can thus bj) hastened or slowed down at will, an 
important advantage in dealing with oil. For petrols, the boat cannot 
be used and the liquid must bc^weighed in a srrtall (jAube joined up to the 
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front end of the tube. The lamp method is more convenient for petrol. 
In the presence of the platinum cata|yst the sulphur is wholly oxidised to 
the trioxide ^^hich can be caught by attaching one or iiore (J-t^bas 
filled with glass beads and moistened )^ith decinormal sodium carbonate. 
After the combustion is completed, the combustion tube is cooled and 
washed out, since traces of sulpfturic acid are retained by the glass, and 
the excess of sodium carl>onate titrated with tlecinormal hydrochloric 
acid. Alternatively, the washings may be ^cidifie»d and precipitated 
with barium chloride in the usual manner. ' In the case of coal or 
solid fuel, the ash in the boat imfst be fused with a •little sodium 
Oferbonate, etc., to recover tjie traces of sulphates remaining in the ash. 
It has been stated that when a quartz tube is employed no sulphuric 
a^id is retained and the washing out Is unneces^sary. 

% For coal, Kschka’s ^ method is in common use. About i g. of the 
finely powdered sample is mixeef in a platinum crucible with 3 g. of 
a mixture of two .parts of well* calcined magnesia and one part of 
anhychous sodium carbonate.* TRe open crucible iis placed in a hole cut 
through an asbestosiboard (Ftg.jy3), and is heated in such a way that the 
lower half only of the crucible attains a red heat. Heating is continued 
for about an hour^ thej mixtqrf being frequently stirred with a platinum 
wire. As soon as the grey colour of the mixture has given place to a 
uniform yellowish, reddish, or browpislf tint, the heating may be con- 
sidered to be finished. After cooling the crucible is placed in a beaker 
and covered with water ; this is gradually heated to boiling, and 
extraction is cc»npleted by successive additions of water. Bromine 
•water is then added until the liquid becomes slightly yellow and 
the*solution warmed to effect the oxidation of any sulphides present, 
or after warming^with bromine water the whole may be dissolved up 
with hydrochloric acid. The whole is then filtered, the filtrate acidified 
with hydrochloric acid, and barium chloride added to tlge boiling solution. 
From tlfe amount of barium .sulphate obtained the sulphur is calculated. 
The time required may be shortened niaking the solution upto a knC)wn 
volume and filtering an aiitjuot portion through a dry filter, and if an 
electric muffle is available, the heating may be carried oyt in this, with 
greater certainty of exclusid^i of sulphur ^rom coal gas. A blank experi- 
ment must always be carried out with the same quantities of reagents as 
used in the actual analysis, as magnesia usually (and bromine occasionaUy) 
contains a little .sulphate. • Fusion with sddium peroxide has also bee*n 
recommended.^ Neither thus Eschka rK)r peroxide methdcls give satis- 
factory results with solid bitumens high in sulphur and volatile matter, but 
tJlje figures for coals with sulphur not e^ceedingc per cent, are accurate. 

^ Z, anal. Chem.y 1^78) I 7 i 497 » ,/• ^ 1889, 8, 361. * 

“ S. W. Parr, F. Wheeler, and R. Beiohheimer : “4 Compariscfti of Melhodb for the 
Determination of Sulphur in Coal,”/. huL Eng. 19 %, I, 689. 
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Arsemc is frequently present in coal and coke : methods for its 
estimation h<jve been described by Thorpe,^ and by M'^'Gowan and 
Floris.2 

Phosphorus. — The estimation of phosphorus is necessary for 
metallurgical purposes only. From i to 2 g. of the ash is digested 
with nitric aqd hydrofluoric ^cids, the fluoride removed by evaporation 
to fumes with a slight excess of sulphuric acid, and this solution, 'after 
addition of nitric a':id, is precipitated wiUi ammonium nitro-molybdate 
in the usual manner. 

Nitrogfen. — Nitrogen is usuall;^ determined by the Kjcldahl method. 
From 0-8 to i-o g. of the very finely powdejed coal is weighed into a 
500 c.c. Kjeldahl flask, i g. of powdered yellow mercuric oxide (or 
07 g. metallic mercury) added, together with 7 g. of potassium sulpha‘‘i:e 
and 30 c.c. of concentrated sulphuric acid; the whole is kept boili“:g 
till the solution becomes clear anef the heating then continued for 
another two hours — not less than four hours in all. After cooling, the 
contents of the flask are transferred lo a second flask of about ^000 to 
1500 c.c. capacity, and the first flask vvell washed out with water into 
the second. An excess of pure caustic soda solution (sp. gr. 1*25) is 
added, and 35 c.c. of a solution of yellov. sodium sulphide, containing 
about 40 g. to the litre, together with some small capillary glass tubes 
closed at one end to prevent bymping. The whol(j is then slowly 
distilled for about one hour into a receiver containing 20 to 30 c.c. of 
decinormal sulphuric acid. The usual bulb arrangement for preventing 
spraying of the alkaline liquid is interposed between the distilling flask 
and the condenser. Towards the end of the distillation the condenser 
water is cut off and the distillation continued until the steam 'just 
reaches the standard acid. The excess of acid is titrated back 'Jvith 
standard alkali, with methyl red as indicator. A. C. Fcildncr and 
C. A. Taylor have compared the various modifications of the 
Kjcldahl method with the Dumas methud. The latter tends* to give 
high' results partly on account of nitrogen derived from the copper oxide 
and partly owing to the fact that methane jr with difficulty completely 
oxidised by hot copper oxide. Some of the modifications of the 
Kjeldahl method give low figures with coaf, but with both mercury and 
potassium sulphate present as described above, the mean difference 
from the Dumas method was found to be 0 05 per cent. 

Carbon and 'Hydrogen.— Owing to the hygroscopic properties of 
finely divided coal after drying,Ahe combustion is best carried out on 
the air-dried fuel, with subsequent correction of the water found for 
the moisture present as such. pAny error due to possible 'oxidation 

^ Thoipe,7 Chem. Soc.^ 1903, 83, 969. 

2 M'Gowan and Floris,/. Soc. Chem, Ind.^ 1905, 24, 265. 

* “The Determination of Nitrogen in Coal,” Technicjil Paper 64, U.D.A. Bureau of Mines, 

1915- 
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during drying is thus avoided. The carbon and hydrogen are 
determined as in the ordinary ultiipate analysis of organic compounds. 
Either a ga^ furnace or electric resistance furnace may l(>e used. The 





Fiu. 177. 


latter (Fig. i77)i heats the combustion tube very evenly and regularly, 
•and permits a definite temperature being attained more readily than 
with gas; glass tubes last longer in c(?nscqucnce. With a gas 
fuiivace, on the other hand, it is more easy to vary the temperature of 
sections of the combustion tube. 

The Fletcher furnace (Fig. 178) 
is very*c(^wenicnt as it can«be 
built up in sections td any de- 
sired lengtfi and * admit^ of 
control, not only in the usual 
way by the separate taps* but 
also by pushing in or out a 
section of the burners. A com- 
bustion tube of, hard gLiPss or 
fused quartz is used : a, a {Fig. 

179) afe two asbestos plugs, 
iyrapped*in very thin platinum foil, ^ and betivecn these is a layer, 
of Copper oxide (granular or wire, form), tb ‘which in the^case of 
coal containing much sulphur is added a shorter layer of coarse lead 
chromate. This retains the* sulphur, and, a temperature just short of 
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fusion, bitrns traces of methane completely ; copper oxide alone cannot 
be relied upon to oxidise methane completely {cf. (4), p. 261). If the coal 
is mixed with libout ten times its weight of dry powdered lt;ad chromate 
before being, placed in the boat,*most of the sulphur is retained and 
the combustion of the coke is more readily effected. It should be 
noted that fused lead chromate rapidly destroys both glass and quartz 
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tubes. Before beginning the combustion proper, the tube is heated to 
low redness throughout its length,’ and a current of dry air freed from 
carbon dioxide passed through it for;ibout fifteen minutes. The frofit 
part of the tube is allowed to cool, the boat containing the sample 
mixed with lead chromate introduced, tyhe weighed absorption tubes 
attached, and the coihbustion then carried out in the usual manher in 
a current of oxygen. At the end ol -the combustion purified air is 
drawn through the tube to replace the^oxygen in the weighed tubes. 


THE DETERMINATION OF THE CALORIFIC 
POWER OF FUEL 

The true calorific power of fuels can only be determined reliably by 
means of direct calorimetric measurements. There are three types of 
calorimeters in common use : — 

(1) The fuel is mixed with a solid oxidising agent. 

(2) The fuel is burned in n stream of oxygen at ordinary pressure. 

(3) The bomfc calorimeter, in which,, the fuel is burpt in .oxygen 

under high pressure (20 to 40 atmospheres). • 

Lewis Thompson’s Calorimeter, in whv:h the fuel is oxidised by a 
mixture of potassium dnlorate and nitre, has been very largely used in 
technical work. Comparison of the Lewis I'hompson with other forms 
of calorimeter has been maefe by Brame and Cowan,^ and by Gray and 
Robertson.2 The former found that even after determining the unburnt ^ 
coal left after combustion the errors were Very larg« — 2-3 to 6 4 per 
cent. The amounts of unburnt coal found with fuels of different types 
varied from 57 to 31-8 per cent., so that the errors of the instVument 
when used in the ordin3;ry way vyithout collecting and allowing for tfef 
unburnt^coal are muchTarger. -Gray and Robertson found deficits of 

^ J. S. S'. Brame and^W. A. Cowan, 7 . Soc. Ch{m. Ini,^ I903» ^2, 1230 . 

^ T. Gray and J. G. RoM"lson,7 Chem. Ind.^ 1904) 23i 704* 
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from I to 13 per cent., and concluded that no constant correction 
is possible, and “ at the best, the njethod may be taken to give a very 
rough indication of the heating value of bituminous} coals.” This 
instrument may therefore be regafded as obsolete, ajid has been 
largely replaced by an instrument of similar type in which sodium 
peroxide is used as the oxidisiitg agent. 

Parr’s Calorimeter.— *In this apparatus the sample is burnt with 
sodium peroxide. A nickfl-plated v6ss^^ A (iFig. 180), of about 
2 litres capacity, serves as the calorimeter. This is placed inside a 
wooden vessel C, which itself stands in a similar vessel* B: The two 
9 ir-spaces, a and and th^ double cover G, containing an air-space g- 
and the wood matefjal of the vessels, provide sufficiently for all practical 
purposes, against loss of heat. 

The reaction vessel D (Fig. 181) ^ 
consists of a strong nickel-plated 
brass cylinder, the ends of wl'qch * 
arepnovided withleatherwasfiers * 
and can be firmly*screwed*oi\;* 
it has a capacity of about 35 c.c.* 

The base J rests oy a cojiJ:al 
support F, forming part of the 
inner vessel* E*; from the upper 
end of D passes the tube H, 
which extends right through the 
cover G, and ^ provided with 
* a pulley P. A series of four 
sirtall propeller blades, M, is 
attached by sprang clamps to 
D, which is rotated by means 
of a* water tyrbine, and by 
employing a sufficiently high speed the water can be kept in circula- 
tion through E in th^ direction of,th^ arrows ; a thorough mixhig is 
thus produced, and an ov<^in temperature maintained. The blades h 
are so fixed as to cause the current to flow downwards next to^the 
cylinder D and upwards outside E, wheii the rotation is right-handed. 
Ipside the tube II (Fig, 181) is a narrpw'ei^tube E, notched on one side 
and continued downwards to a conical valve K.* By the action ©f a 
spiral spring M,£onnectidVi with the interior of D is cut off, unless tlie 
tube L is depressed by pressure at ♦N ; any escape of gases during 
combustion is thus prevented. Ignition of the charge is brought about 
.by dropping a red-hot pioce of iron wye into lythen sharply depressing 
N, when the wjre drops through K into D. *A‘ delicate thermometer, 
held in position by a ^hick rubber ring and reaching about half-way 
down the vessel A, is pass6,d throujgh a liole 8 to 9 mm. wide in the 
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cover G. • The double vessel B C is placed on a firm table, within reach 
of the necessary motive power. Tvn^o litres of water are poured into A 
before it is pUced into position, so as to avoid water being splashed 
into C; for if, the outer side of A** or the inner portion of C should be 
moist, this would ultimately produce an error in the results, owing to 
evaporation. ^The temperature of the water should be about 2° below 
the temperature of the roonl. A is capfuny set into C, and is \:hen 
ready to receive the reaotiori. vessel D. , * 

The latter is carefully dried internally and externally, which is best 
done by gently warming on a sand-bath or* hot-plate ; the base J is 
screwed on and tightened with a key. Aboyt lo g. of sodium peroxide 
(passed through a sieve of i mm. mesh) is thep introduced. This 
reagent is best kept in a wide-mouthed stoppered bottle, along with a 
small measuring vessel, supplied with the instrument; the measurirfg 
vessel, which holds lo g. of tha reagent, is made of nickel-plated brass, 
and is provided with a small handle. ' ^ • 

After introducingUhe sodium peroxide into D, 0-5 to i g. ^of the 
coal sample, together with any other fiqfc.^sary reagents, is put in, the 
cover screwed on, and the whole weV, shaken, K being kept closed 
by an upward pressure of the finger on I'J,.other\}dse a small quantity 
of the mixture may be shaken into L. The vessel is then tapped, to 
bring the whole of the mixture *to tjie bottom, the working of K tested 
to see that it acts smoothly, and the blades h clamped on ; D is then 
placed inside A so that it rests on the conical peg at the bottom. 

Lunge ^ recommends the following method for c^irrying out the 
determination : — ’ 

The coal to be tested is powdered, and should be passed through 
a wire sieve of 0-3 mm. mesh; a more finely dividc(;l sample of Ka’rd 
coals and anthracite should be used, which may be obtained by 
placing a piece of bolting cloth' under the wire sieve. .Lignite mtist be 
previously dried, for about an hour, at a ‘temperature of'ioj® fo no'’; 
exactly i g. of this substance js khen weighed 'out and ^shaken into 
the reaction vessel, previously charged with ,tl\c 10 g. of sieved sodium 
peroxide, after* which Hie vessel is closed and shaken for one to two 
minutes, as described above. Bituminous coals do not require previous 
drying, unless the moisture exceeds 2 to 2), per cent. In the case pf 
coal, exactly 0 5 g. i»> weighed out, and to this is added exactly 0-5 g. 
of finely powderc'd pure tartUric acid ; this 'mixture cs then added to ^ 
the usual 10’ g. of the peroxide. The addition of potassium per- 
sulphate, which has been suggested as necessary for the combustion of 
hard coals and anthracite, is reg;arded by Lunge and Grossmann a5 
superfluous and as the‘s6urcc of discordant results. 

> Z angew.tChem., iqou 14, 794 .'ind 1270; 1903, 16, 911 ; 1905^18, 1249. 

2 Ihul, 1905, 18, 12^9. 
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The cover G having been placed in position, the pulley P is^attached, ^ 
and the thermometer inserted in the cover, as shown in the figure. 
The turbine Ls then set in motion so that the pulley revctfves clockwise. 

A speed of about 150 revolutions -per minute is kept up until the 
thermometer shows a constant temperature, which takes about three 
minutes; this temperature is iloted, and the motor is kept running at 
the •same speed till the conclusion of tliA experiment. ' 

Ignition is effected by me^ns of a mece of r^d-hot iron wire, 2-5 
mm. in diameter and 10 mm*, long ; a piece of this size should weigh 
about 0-4 g., and the samp piece cah-be used a good many times before 
♦ts weight falls much below 0-4 g. Experience has phown that soft iron ' 
is more suitable for. the purpose than dickel, copper, silver, or platinum. 

H; does not melt, as the first three of these do, forming peroxides, but 
k becomes covered, when first used, with a hard, black, adhesive coating 
of the magnetic oxide, which* ‘protects it for a considerable time. 
Using the above weight, and at a temperature of say 700°, the heat 
introduced by the iron amol^ntsHo 0-4X0*i2X790 = 33 6 calories, cor- 
responding to a t(imperatu»e rise in the calorimeter of o°-oi6. As the 
readings are carried out to o'’-OQ5, a constant deduction, fixed at o°*oi5, 
is made. The wire, held^ jointing downwards with a pair of bent 
tweezers, is headed to redness and dropped through N ; N is then 
sharply depreifsed with the tweezers,* £o that the iron passes through 
K, without permitting any escape of gas through L. A hissing noise, 
lasting for several seconds, denotes the combustion of the charge, 
and the thernnometer rises, at first rapidly, then more slowly ; after 
• about four or five minutes the maximum temperature is attained, which 
rejnains constant for about five minutes, when the reading is taken. 
The experiment is then finished. The motor is stopped, the thermo- 
meter, pulley, and cover are taken off, the vessel A, with contents, is 
taken out bodily, and the agitators /f/zare removed from D, which is 
taken •to^pieccs and placed tin a basin of warm water to dissolve out 
the contents. On ne*utralising the solution so obtained, with hydro- 
chloric acid*the presence of any unb'ufnt fuel can be detected; should 
any be present, the results are worthless. • 

Calculation of results, ^The water vajue of the instrument was r23-5 
^. ; including the water, therefore, the tcAal value is 2123-5 g- Of the 
rise in temperature t' — t produced, f bcitig the |inal and t the initial 
temperature of ^ the calofimeter, 72-5 p«r cent, is regarded as due* to 
the combustion proper, an,d 27-5 per cent, to the reaction*of the products 
of combustion with the sodium peroxide and oxide.* When i g. of the 
^Juel is burnt, as in the cti^e with lignite, the nuj^iber of calorics produced 
is thus 0-725x2123-5 (^'-if)=i540* (/'-/). is simply necessary 
therefore to subtract o°-oi5 from the recorded value, on account 
of the heat inTtroduced by the iron wire,^nd to multiply by 1540; the 
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result glides the calorific power in centigrade units. With coal, only 
0*5 g. is used, so that the recorded tempei'ature difference'is multiplied 
by 1540x2=13080. It is necessary first, however, to **subtract the 
heating due to the combustion of 0-5 g. of tartaric acid, and that due to 
the iron; careful experiments have shown this to be o°-832. If the 
sodium peroxide contains an excessive^amount of moisture, as may be 
the case if a considerable quantity of perox/de is kept and frequently 
opened for use, the jesults^wiV come out* too high. It is then necessary 
to make a blank test, using o-^ g. of tartaric acid, and about two-thirds 
of a measure (about 7 g.) of sodium pero^cide. If the calorimeter 
temperature rises more than 0°-832, it will be necessary, in future usC 
of this stock, to take such extfa rise into consideration, by allowing 
0°'i5 for every o” i excess rise 'obtained in the blank experiment 
(o°-i5 being, of course, the allowance for a full measure of 10 g. ef 
peroxide). 

Parr’s method of determining calorific power if more convenient, 
cheaper, and far simpler in manipulation; than any of the pro^es.ses 
involving the use of a bomb, but it has certain obvious defects. In the 
first place, the combustion may be either too violent or incomplete, if the 
proportion of added materials is not appnopriately adjusted ; secondly, 
the heat generated by the absofption of tlie water and carbon dioxide, 
formed in the combustion by thewkodium peroxide, has to be determined 
empirically for each instrument ; and thirdly, the value of the coefficients 
given above does not hold for all kinds of coal, and still less for other 
fuels, such as lignite, petroleum, etc. These points have been specially 
investigated by Lunge and Offerhaus,^ and by Lunge and Grossmann.- * 
The latter conclude that the method is unreliable for coals havii:>g. a 
calorific value less than 7500 cals. P'or coals having a higher calorific 
value, the method is of practical value, under the conditions given above. 
Both the coal and ^the sodium 'peroxide must be finely powdered and 
intimately mixed, and the peroxide must be of goo^ (?^uapty. The 
heat- value of the tartaric acid, together with thaV of the ignition wire, 
to be subtracted from / — / should be o°-8^2,. as given atovc, instead 
of o''- 85 previously accepted, and the coefficient should be 1540 
stated, in place of 1550 as formerly used. ^The latter value holds, of 
course, only for a calorimetePof the water value 2123*5 when charged. ^ 

Langbein discard^ Parr’s [process as altogether unreliable, but Lunge 
ho^ds that this conclusion is Mot justified. The instr^ument has been 
much u.sed by* engineers, but aSj,27-5 cpnt. of the heat produced 
is due to secondaiy reactions, which percentage depends on the quality 
and treatment of the podium peroxide, an(J’ there is another larg§^ 
corrective term depending on the ^purity of the tartaric acid, the sodium 
peroxide calorimeter is not much used by chemists. 

^ Z. angew. Chem.^ 19*03) " Uid,^ iQOSi ^ 8 , 1249 . 
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Combustion in Oxygen at Ordinary Pressure. — The earliest 
determinati6ns of calorific value ^ere made with instruments of this 
type. Lavofsicr and Laplace, in 1 780, determined the heajj of ^mbustis)n 
in this way. Many forms of this Instrument have bcjen described. 
Favre and Silbermann recognised that combustion was not complete, 
and modified the calorimeter tb allow for this. Schwackhofer devised 
a still more complicated fjrm ^1884), but Jince*that date there has been 
a tendency to revert to simpler forms. If it^is rem^embered that owing 
to the necessity of using a glass containing vessel no accurate correction 



Ki(i, 182 . 

• • • . • 

for cooling can be made^*a*id also that a small but indefinite amount of 
fuel escapes complete combu.stion, then the simplest type*consistent-with 
efficient cooling of the combustion gases is the best, especially if the same 
instrument is used empirically after calibration with a coal of the same 
class and of calorific value known from combustion a bomb calorim€ter. 

Gray's Calojimeicr, The instrument^ described bj T. Gray is 
simple in construction, anti has been* shown by Gra;^ and Robertson^ 
to give Results within \ per cent, if standardised with coal of known 
tteatinjg value. (See Fig.* 182.) • ^ 

The coal is burnt in a small platinum crucible supported on a 

^ Made by Messrs Thompsog, Skinner & Hamilton, Sguchiehall SiK-eet, Glasgow. 

2 /. Soc, Chem. Iml., 1906, 25,^109. ^ I •' IhuL^ 1904, 23, 1704. 
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metal ring in metallic contact with the metal base. The glass tube, 
6J inches long and 2 inches diameter, s’its loosely clamped on the 
perforated mc|^al base ; the brass tube for supplying the oJtygen passes 
through a thjck-walled rubber tube fitted to the drawn-out end of 
the combustion chamber and may be fitted in [losition by tightening 
the thumbscrew. Two upright brass tubes, joined above by a vulcanite 
crosspiece and provided* witA terminals, trau-smit the current for" the 
ignition of the coal.^ The^e uibes are in metallic connection with the 
metal base, and through one'of them an insulated wire passes from 
the terminal to a short metal rod inside the combustion chamber. The 
upper end of this rod and of the one supporting the crucible are on ff 
level slightly higher than the to*p of the latter, and are connected by 
means of a thin platinum wire which can be made red hot by tlfC 
electric current The perforated metal discs, which serve to break u ^3 
the bubbles of gas passing thr.ough fhe water in the calorimeter, are 
made to slide on the uprights so as to give access tathe crucible. For 
the determination of calorific value ftbout i g. of the coal is vvoighed 
out approximately, compressed into a ^ briquette, »nd then weighed 
accurately. A piece of cotton thread is then tied round the briquette 
and the coal is transferred to the crucible and the cotton thread tied 
to the thin platinum wire connecting the two rods. The glass 
combustion chamber with the bfass tube in the position shown in the 
illustration is placed on the stand and fixed by tightening the thumb- 
screw ; a slow current of moist oxygen is passed through the apparatus, 
which is then immersed in the calorimeter beaker contahiing two litres 
of water, the temperature of which is i°«5 to F-75 lower than that of 
the room. After an interval of ten minutes the temperature of •the 
water is read to o"-oi, the oxygen current is increased so that a rapid 
stream of gas passes aild the cotton fuse is ignited by pressing the 
key which closes^ the ignition circuit. When the combustion is 
complete the rubber tube connecting <jhe oxygen supply Vo the 
calorimeter is detached .so as to allow the waVer to enter the' com- 
bustion chamber, and conncctiob is agaiq .made with ‘the oxygen 
supnlv to coqtinue the mixing, and the m’aximum temperature is 
observed. The appearance of imburnt tai^ry matter is an indication 
that the current of oxygen \Vas not sufficiently rapid. The oxygen is 
passed through a w?sh-botfle containing water, to saturate the gas, 
ariVl the correct r'ate is obtained by inserting a T-Picce between the 
wash-bottle ai!d the calorimeter, Jihe upright, limb of the T dipping in 
a column of water. The rate of flow of oxygen depends on 4hc jet 
and the length of thi§ column. The corrpbt height of column ^ 
supplied^ by the maker: The water value should in every case be 
determined from the mean of a number of combustions of an average 
coal of known calorific Val^ie. In a com^Darison of 'an instrument 
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of this type with the bomb calorimeter, Gray and Robertson ^ 
show that consecutive det^rminajtions with the same coal vary by 
100 to 150 talories, or from 1*5 to 2 per cent. If they instrumentals 
standardised with coal, the values ?/re from 0 04 per cept. to M per 
cent. low. This represents the accuracy attainable in skilled hands ; 
in inexperienced hands, if thb oxygen is supplied too slowly with 
bitePminous coals there « may be tarr> 
matter deposited, and with’ anthracit/c 
coals it is difficult to avoid unburnt carbon 
in the residue. « 

^ The Bomb Calorimfter.— The first 
calorimetric bomb - was due to Andrews, 
i^ho used it for the determination 'of the 
heat of combustion of hydrogen and 
oxygen. Later Berthelot adopted the 
same method for other coml^ustible gases, 
and ^hen modified his instfiimebt so that 
liquid and solid substances could be burnt. 

This instrument was used in a long scries 
of thermochcmical ^escarcjicfs. The Ber- 
thelot bomb was made of steel, lined* in- 
ternally with • thick platinum foil, ‘-and 
heavily nickel-plated externally. Mahler 
replaced the platinum lining with enamel, 
and this lining is usual in the types of 
bomb now in use. Parr dispenses with 
cn<wucl, and uses a special acid-resisting 
ahoy in the construction of the bomb. 

The composition of the enamel used is 
not af matter of jndifference ; some enanfcls 
contaiflii^g scKlium sulphate a*; a constituent 
have* been used, and those alwa;^s "ive 
appreciable amounts of. julphatcs in the fiq. i 83 . 

be mb washings. This* renders such in- > 

struments useless for sulphur determinations, and also' vitiates’ the 
corrections for the calorific value. It has 'been recently shown that the 
correction for nitric acid formed may also 6e disturbed by the extraction 
of basic substances from l^ie enamel liniifg, althoughnhis appears to'be 
most marked with a new bpmb, and tq become negligible-after long use. 
Numerous types of calorimetric bomb are now obtainable: the one 

.,»hown ifi Fig. 183, due to Kroeker,*-^ has the advantage of also serving 
• • * 

^ J. Soc. Chfm. fnd., 1 904, 23, 704. * 

2 Bestimmung iier nutzDaren yerbrenmingswlirme der ^Brennsloffe,» Z. Jrr. denf, Ruben 
zucherind,^ 1896, p. 177. i 
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for the determination of carbon and hydro|^en (the latter only approxi- 
mately) and is widely used. The ^ody is of steel, of about 300 c.c. 
caf)acity, and ^ externally nickel-plated. The lid, made* of bronze, 
carries two valves, from one of i^hich a platinum tube, R, extends 
nearly to the bottom of the body. A third hole through the cover 
carries an insulated rod, the continuatif)n of which, D, is of platinum. 
The platinum tube carries thl' capsule, T, of 'platinum or quartz, afid a 
projection for conveniently hilding the fpsenvire. Connection to the 
compressed oxygen cylinder is' made at Sj or preferably the latter, 
JlS there is chance of portions of the combustible being blown out 
of the capsule by the stream oHneoming gps. It is not advisable tf) 
burn a solid combustible in powdered form, as portions are apt to be 
thrown out of the cup during burning. This may lead to incomplefti 
combustion, wdth a corresponding deficit in the calorific value founcf; 
and, a more serious matter, some of the material may be thrown out of 
the capsule and burn on the sides of the bomb and damage the enamel. 
Hence it is usual to oompress the material into a briquette in a*small 
screw press. This briquette, after wefighiil^, is placed in the capsule, 
T, the connections made to ensure firing, 10 c.c. of water placed in the 
bomb, and the head screwed on. A cyliifrler of compressed oxygen is 
connected to So and the gas slowly admitted until the manometer shows 
25 or 30 atmospheres p»-cssufc. , After disconnecting the oxygen 
cylinder, the screw, So, is replaced, and the bomb is then placed in the 
calorimeter vessel containing a weighed quantity of water (sufficient to 
make the water equivalent of the whole about 2500), ‘Absence of gas 
leakage proved, the electrical connections made, and the stirrer fitted. 
The calorimeter vessel stands in a double-walied copper jacket holding 
about 25 litres of water, the temperature of which is assumed to remain 
constant throughout the'experiment. The calorimeter thermometer is 
usually divided to,o‘'-oi and readings made to o"-ooi C.^ The stirrer is 
worked by a motor at a uniform rate (abou'i 120 oscillations- pe/' minute), 
and as soon as the thermometer is steady, readings are commenced and 
taken at one-minute intervals. The fuse is fired at the fifth minute and 
readings continued for -fifteen minutes in all. The readings may be 
conveniently entered on a form similar to That on p. 349. 

The calculation of the terms 0 , fw, }l 1 ( 0 ), i( 0 o+^r))> 
be made during the intervals between the readings, and the remaining 
terms can be worked out ih two or three minutes. The cooling 
correction is based on the Regnault-Pfaundler formula : — 

I, 

Correction = " 

, (7 ~ P 

in which ?i is the number of time intervals in th^ chief period (five in 
the example given), and'^'" Tie rates of coqlmg in the preliminary and 
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after periods respectively, 0 and 0 ' the mean temperatures* of the " 
preliminary iand after periods. 


Date : 2 3 rcl November i<ji 4 . 
Number: 585 B. 

Subbtance : Oil. 

Abh : — . 


Capsule 4- fuel -7 -STGO g. 
Capsule *7*0200 g. 


Temperature (final) : 15*0. 
W.ilcr : 21b1) g. 

W.F.. : 2500 g. 
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* Cahbr 


r3*598-’ 

■1 0*0069" 

Uncorrected li b (0* 

0*045'^ 

0 * 0000 " 


13*553' 

1 0*0069" 

'rhread 


-0*0079" 

Cooling 


4-0*0124" 

Nitric .icid 


- 0*0048" 

Sulpliur 

Total correction 

-- 4-0*007" 


Corrected rise 

= 3*560" 



Cooling (oitcdion « 7 ' I XS - 0*019 1 0*021 1— 1-0*0124. 


• ‘ ^ 0*«55 

R :^4*1()4'’ 

R '<2500-10,410 ('al. j>ct gtm. 

R \ 4500 — 18,740 B.T.U. per pound. 


For ignition fine wires of iron, nickel, or platinum have been used. 
Iron*is objectionable, as the molten globules of feivic oxide perforate 
the enSn^l dt platinum linin|y. Fine platinum wire ( 002 to 0025 inch) 
is preferable ; it mayl^c embedded^n Jhe briquette (Ilempel), or, 'more 
simply, a measured Icn^lfl^of cotton thread may be tied round the wire 
and the end placed in contact with the fuel The heat, of combination 
of the thread is allowed fo? as above. , 

For further details regarding calorimeter* corrections, see G. N. Iluntly, 
“ The Accuracy obtainable in Fuel Calorimcti*y,”> and “ ("orrectio.ris in 
Bomb Calorimetry.’' ^ Acfiabatic calorimeters, in which the correction for 
cooling is abolished, have been described by Richards, 1 fenderson, and 
ForbeS Richards, Henderson, and Frevert ; * Benedikt and Higgins 
.4ind J. A. Riche.o 


1 /. Soc. Chem.*Ind., 1910, 29, 917. 

^ Z.phynk, Chem.^ IQOj* S^i 55 
° /. Amer. Chan. Soc.^ 1910, 32, 461. 


1915, 40, 41. ■> 

** Z.physjk. Chem., 1907, 59, 532. 
Anier. Chem. 65 c., 1913, 35 i *747 
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The ckitermination of the water equivalent of the bomb is best made by 
standardising with substances of known dalorific value. Benzoic acid, 
c^ne-sugar, or^naphthalene are usually employed for this purpose, and of 
these benzoic acid is preferable. • In the United States the Bureau of 
Standards issue a benzoic acid with a stated calorific value, but, up to the 
present, no corresponding standard sul^stance for standardising bomb 
calorimeters lias been issued Cn Great Britain» A comparison of vafious 
samples of benzoic qcid of Ge\man and fenglkh origin, however, has not 
shown differences greater than J )-2 per cent, from the American standard.^ 
^ The value 'furnished by the calorimeter is the so-called gross calorific 
value. This is a direct experimental figure : ^the 7 ict value or lozvervalM 
is obtained by deducting from the gross value a figure depending on the 
percentage of hydrogen present in Vhe fuel. If the products of combus- 
tion escape at a higher temperature than lOO'’ C, the water escapes afe 
steam, and the deduction corresponds to the latent heat of vaporisation 
of the^ water formed. Unfortunately,* thejre is no gecieral agreement in 
the definition of the l‘net value”; tHe Institution of Civil hhigineers 
gives the following: “The net calorifk^vafuc used«for calculating the 
boiler efficiency will be the gross valuer less the latent heat, reckoned at 
1055 B.T.U. per lb. of the water condensec^;f(om thj: products of combus- 
tion by cooling to 60'’ F., and can’be found from the following formula : — 
Net calorific value per lb. of fuel‘= ^u'oss calorific value minus 1055 (^^s. 
of moisture per lb. of fuel + 9 X lbs. of hydrogen per lb. of fuel)” — the 
contents of the bracket representing the lbs. of water vapour produced 
per lb. of fuel. Until an international definition of the? net value has 
been agreed upon, the use of the gross value only is preferable. 

Corrections for Nitric Acid and Sulphur. During the combustkin 
in the bomb any sulphur in the fuel is converted in^p sulphuric acid ; 
some nitric acid is also fbund in the washings from the bomb produced 
from nitrogen presr^nt in the oxygen and from nitrogen^in the fuei. It 
is conventionally assumed that no nitric adid is produced whai fhe fuel 
is bur<nt under a boiler, and that tl^e sulphur, whbn burnt in air at the 
ordinary pressure, escapes as sulphur dioxidp.- Hence an approximate 
cstijip^tion of the amounts of nitric and sulphuric acids in the bomb 
washings is made, and the corresponding ^all deductions arc made 
from the observed calorific* value. The nitric acid neutralised by 
I c.q, of decinormal alkali represents 1-43 calories, and for each i per 
cent, of sulphur iif the fuel a deduction of 2i-5 calories represents the 
extra amount* of heat found ia the bomb combustion due to the 
conversion of giseous sulphur dioxide into dilute sulphuric acid. 
An alternative mode of applying these corrections is givcfi in the, 

N • • 

^ The i!ilernutional value for heat of combustion of benzoic acid is 6^29 + 2 caloiies per 
gram (at 20°) in air =? 6324 calories at 15'’ since I calorie at 15“ -9992 ^alorie at 20“. See 

Dickenson, Bull. Bureau of Standards, I914, n, 243. 
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example; for a water equivalent of 2500 the amounts of sulphuric 
and nitric a?:ids, expressed as cubic centimetres of decinormal alkali, 
can be reduced to degrees and taken off as shown. ^ 

The quantity of nitric acid and of sulphuric acid produced may be 
determined volumetrically. The bomb washings, which are heavily 
charged with carbon dioxide, must be freed from this by prolonged 
boilfng, and the hot liquid .titrated with dednormal baryta, using phenol- 
phthalein as indicator. The volume of baryta taken represents the sum of 
the two acids. An excess of decinormal i odium carbonate is now added, 
the solution gently boilcc^ down and allowed to stand, filtered, and the 
Wcccss of alkali in the filtrate titrated with decinormal hydrochloric acid.'^ 
As an example, the bomb washings from the combustion of i-ooi g. of 
ct)al, after freeing from carbon dioxide, took a volume equivalent to 15-2 
#.c. of decinormal baryta ; 20 c.c. of decinormal sodium carbonate was 
then added, the liquid boiled down to about half its volume, filtered and 
washed. The filtrJite took ii-2 c.c. of decinormal hydrochloric acid to 
neutralise to methyl orange. "Hence the nitric acifl took 20-o— 1 1-2 = 8-8 
c.c. The sum for ^he two acids vas 15 -2 c.c. lienee the sulphuric acid 
took G-4 c.c., and the sulphur is 6 -^ x •0016 = 0-0102 g. or i*02 per cent. = 23 
caloric.s ; nitric acid correct jori 8-8 x 1-43 = I2-C calorics ; total to be sub- 
tracted, 36 calories. A better method, if an accurate figure for the sulphur 
is required, is tb add a measured volume of decinormal sodium carbonate 
in CXCCS.S, boil gently down to a small volume, filter, wash, and titrate 
the excess of alkali with decinormal acid. The sulphur is then precipi- 
tated in the us'^ejal way with barium chloride. 

Heavy oils and non-volatile liquids may be safely burnt in the open 
cuf- but special methods must be adopted for volatile liquids. One 
method, used by^Bcrthelot,^ is as follows. A small test-tube is dipped 
into liquid collodion, which is allowed to dry partially one or more 
times until a coherent bag of collodion Is formed ou4sidc the tube ; this 
is dij^^d* intsD water and the bag removed and allowed to dry. The 
bottom is then cut efff and the cqjlodion cylinder fixed to the i?pper 
portion of flic platinum •(^ip, using a little liquid collodion as cement. 
After gently drying, the mouth of the bag is drawn together with a thin 
platinum wire and the whftle then wcigjiied. The liquid is introdticed 
with a fine pipette without wetting the collftdion cap, the bag closed with 
the wire, and the whole weighed, place*d in the bomb and. the combustion 
* carried out in th« usual mUnner. Alternjftivcly, the li<!juid may be sealed 
in a glass tube. The technique is deljcate, and for full details reference 
may bt made to papers by T. W. Richards and H. S. Bavis,- W. A. Roth 

..and H. ^Vallasch,'* and T, W. Richard^s and R. .H. Jesse.^ 

• » ? 

^ Traile prafiijue de L'ahnmelne Chtmujuey and edition, p. 270. 

’ J.Amer. Qem. .Vo/., 1917.^39. 34I-354* ^ Amialen, 1915, 407, 134. 

■* J. Amer. Chem, .Sbr., I910, ^2, 26S. • 
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The Calorific Value of Qaseous Fukls^ 

< 

, The calorific value of power gas or illuminating gas can be 
calculated from the calorific valuers and proportions of its constituents, 
but the method involves a complete gas analysis, and is unsatisfactory 
for coal gas, since the calorific value of^The “ heavy hydrocarbons,” the 
highest per unit volume, "is ndt exactly knowi',. 

For power gas (Jprodu(;er Ws, generator ‘gas, water gas, etc.), this 
objection applies with less force, and frequently where a small gas 
^ample has to'* be carried a considerable distance this is the only method 
available. In Great Frhain, under the Gas Regulation Act, 1920, ^ 
standard illuminating power has been abolished, afid gas is now to be 
sold by the therm (100,000 British* Thermal Units), and it is probable 
that the sale of gas by therms instead /:)f by volume will become genera*! 
in all countries. ^ 

A .great deal of ingenuity has been , spent on 'the design ol gas 
calorimeters. J. H. C^'ste, in his work on The Calorific Power of Gas, 
gives a description of about twenty, a'nd this numbur might easily be 
doubled at the present time. The Junkers calorimeter, described in 
detail in the last (1908) edition of this book, is /largely used on the 
Continent and in America, ft will be sufficient to describe the 
instrument generally in use in 'Grqat Britain. 

Boys’s Gas Calorimeter.^ — This apparatus" is prescribed by the 
Metropolitan Gas Referees (1918), for testing the calorific value of 
illuminating gas. It has been designed with the object of providing 
ample space for the circulation of the stream of gases, so that they 
pass slowly and freely through the instrument, and are thus effectively 
exposed to the cooling surfaces. The water content of the instrument 
is reduced to the smallest quantity, so that the outflowing water attains 
its steady temperature very quickly after the gas is lighted. The 
whole of the circulating water takes the same course tonfinupusly, 
being- debarred from any paralle,1 or alternative route^. and thus 
unequal heating and the attendant irreguUijty of the temperature 
at the outflow, are avoided. The small content of water suffices to 
abstract the whole of the heat from the sfbwly travelling stream of 
gases, owing partly to the avoidance of parallel routes, but mainly 
by reason of its flow through a pipe of small diameter, the heat- 
coliecting power of which is*^ greatly increksed by ^attached wires. 
The calorimeter is shown in vertical section in Fig. 184. It consists 
of three parts, which may be separated, .or which, if in position, may 

^ Roy. Soc. Proc., 1906, 77 i'' f^]* Notification of the Gas Referees, II. M. 

Stationery Office, 1918. The desciiplion which follows is largely taken fronf the latter publica- 
tion, by permission of the Controller of H.M. Stationery Office. 

Made by Messrs J. & J. Giiffih, Kemble Street, Kingsway, London, W.C. 
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be turned relatively to one another about their common a:jls. The 
parts are (i)*the base, A, carrying a pair of burners, B, and a regulating 
tap. The bwirners are made of steatite, and they are carried upon a 
head and tube V, also made of steatite, and circular ii^ cross section. 
The upper surface of the 
base is covered with a bright 
metal plate, held in place^by 
three centering and lifting" 
blocks, C. The centre of* 
this plate is perforated ^and 
carries a ferrule, W, over 
which is slipped tube*of 
fibre, X, as shown. A recess 
6 inches in diameter and ;] 
inch deep is turned out of 
the base, and a dis(j of felt, Y, 

5^ ii'lphes in diameter and *3* 
inch thick, and perforated ^n 
the centre, is fastened cen- 
trally in the reccs.s. Six* 

4-inch holes, Z,* are drillecf 
from the corjiei; of the recess 
to the groove in the base. 

The blocks, C, are so placed 
as to carry (2) the vessel D, 
which must rest upon the hori- 
zoiital portion of the blocks 
and be centred by their up- 
turned ends. *rhis ves.sel 
is provided with a central 

coppeiicjiimne/, 1 l, and a coiij Td 

denscVl water outlet, B. It is 
jacketed wfth felt*, R, j3ro- • • ino. i84. 

tected by a sheet of metal^ S. ^ 

In order to prevent obstruction of the flow of condenseef water fron>the 
outlet, F, a small dimple is punched intfic#outer casing on cither side of 
the outlet, F, so as to project inwardly*abo®t inch. Resting upon the 
rim of the vessel, D, are (3J the essential p?vts of the caiorfmetcr, attTcfwed 
to the lid G. At the centre, where the outflow is situ-^ted, there is a 
brass box, which acts as a temperature-equalising chasiber for the outlet 
water. ^Two dished places of thin bra.ss, K, are held in place by three 
scrolls of thin brass, L, L, L. The lov^r or pen'dQnt portion of the box is 
kept cool by water, circulating through a tube which is sweat^ed on to 
the outside of the bell. Connected to th^ water chanflel at the lowest 
• • Z 




354 


FUEL ANALYSIS 


point, bjf a union, are six turns of copper pipe, such as is used in a 
motor-car radiator, of the kind known as^ Clarkson’s. In this, a helix 
of copper wire threaded with copper wire is wound round the tube, and 
the whole is si'eated together by /immersion in a bath of melted solder. 
A second coil of pipe of similar construction, surrounding the first, is 
fastened to it at the lower end by a anion. This terminates at the 
upper end iiiYi block, to which the inlet water box and thermometer 
holder are secured b)- a union, as showA at O. An outlet water box, 
P, and thermometer holder* are similarly secured above the equalising 
chamber, H. r The lowest turns of the two cojls M N aie immersed in 
‘ the water, which in the first instance is put into the vessel, D. 

Between the outer and inner c'oils M N is placed. a brattice, 0, made 
of thin sheet brass, containing co«;k-dust, to act as a heat insulatOi’. 
The upper annular space in the brattice is closed by a wooden ring, 
and this end is immersed in melted rosin and beeswax cement, to 
protect it from any moisture whicln might condense upon it. The 
brattice is carried by an internal flange,' which rests upon the lower 
edge of the casting, ft A cylindrical wall of thin sheet brass, a very 
little smaller than the vessel D, is secured to the lid, so that when the 
instrument is lifted out of the vessel and placed upon the table, the 
coils are protected from injury. The narrow air-space between this 
and the vessel D also serves to "prevent interchange cf heat between 
the calorimeter and the air of the room. 

The two thermometers for reading the water temperatures, and a 
third, U, for reading the temperature of the effluent gae-es, are all near 
together and at the same level. The thermometer, U, for finding the 
temperature of the effluent gases is supported as shown in Fig. i 8 .gby 
means of a cork and an open spiral of wire, so that the bulb is a short 
distance above the circulating coil, and with its stem passing through 
that one of the five holes provided for the effluent gases which is op[)ositc 
the inlet water box as shown. The lid nxiy be turned rGsunc],,iLto any 
position relatively to the gas inlet and condensed water drip that may 
be convenient for observation, and the inlet and outlet water boxes may 
themselves be turned so that their branch tubes point in any direction. 
A Wood shield, T, made in two halves, serves to protect the outlet 
water box from loss of heat. ^The general arrangement of the apparatus, 
as set up for a test, is shown in Fig. 185 , the gas being first passed 
through a meter and balance governor before bping led to the 
calorimeter. The gas supply is connected up to the central tube 
at the back of the meter and thence to the governor, preferably by 
means of tin or composition piping. The ‘pipe leading Lorn the 
governor should termaiate in a^'tap with a nozzle, to which a^ short 
length of rubber tubing is attached for connecting to ihe calorimeter. 

A regular supply of \fater is maintained by connecting one of the 
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two outeh pipes of the overflow funnel, shown in Fig. 185, to a small 
tap. The overflow funnel is fastened to the wall about i ihetre above 
the sink, and the other outer pipe is connected to a tube, in ‘which there 
is a diaphragm Vvith a hole 2-3 mm.nn diameter. This tube is connected 
to the inlet pipe of the calorimeter. A piece of stiff rubber tubing, 
long enough to carry the overflow wat(flr clear of the calorimeter, is 
slipped on to Nie outflow branch, and the Weyter is turned on so that 
a little escapes by th9 middle pipe of the^overflow funnel, and is led by 
a third piece of tube into tile si^ik. The amount of water that passes 
^ough the calorimeter in four miniltes should be sufficient to fill the 
graduated vessel shown in Fig. 185 to some point above the lowest 
division (1600 c.c.), but insufficiedt to come al)Ove the highest division 
(2400 c.c.) in five minutes. If this is not found to be the case, a" 
moderate lowering of the overflow funnel or reaming out of the holc« 
in the diaphragm will effect thc^ ncces.sUry correction. Before altering 
either adjustment, air bubbles should be removed from the rubber tube 
connecting the overflow funnel to the ‘calorimeter by blowing at; the 
water outlet tube. The overflow funnel* should be provided with a lid 
to keep out dust. 

The (centigrade) thermometers for reading the temperature of the 
inlet and outlet water arc divided into tenths of a degree, and arc 
provided with reading lenses, whidi slide on them. The ‘thermometers 
are held in place by corks, fitting the inlet and outlet water boxes. 
The (Fahrenheit) thermometers of the wet and dry bulb hygrometer 
placed near the instrument, and the (Fahrenheit) thc-/mometcr for 
taking the temperature of the effluent gases, are divided only into 
degrees. 

The flow of air to the burners is determined by the degree to which 
the passage is restricted at the inlet, at the outlet, and at the base of 
the brattice. The flocks C (Fig. 184) which determine the restriction 
at the inlet arc made of metal inch thick, while the hol«s ruviiU the 
lid which determine the restriction at the ouilct five in number and 
are | inch diameter. 

The calorimeter should stand on a table by the side of a sink, so 
that the condensed water and hot water outlt^ts overhang and deliver 
into the sink, as shown in Fig, 185. A glass vessel is provided of the 
size of the vessel, D, which* should be filled with water, in which 
sufficient sodium carbonate is ‘dis.solved to make it dc, finitely alkaline. 
The calorimctcv, when not in use, is lifted out of its vessel, D, and 
placed in the alkahne solution, and left there until it is again rcqkiircd. 
The liquid should not come within 2 inches of the top of the vesseh 
when the calorimeter is* placed in it. The liquid must be replenished 
from time to time and its alkalinity maintained. 

The measuring vessel;' st^own in Fig. 185, carries a change-over 
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funnel, which is placed beneath the short tube attached t»ft the hot- 
water outlet. One side of* the funnel delivers into the sink, and the 
other into !i tube, which directs the water into the vessel. • 

Full details for carrying out a tl;st are given in th^^ Notification of 
the Gas Referees for 1918. 

With the Boys’s calorimeter, as with all continuous flow calorimeters, 

the gas is necessarily measured with a wet exrperimentat meter, and the 

accuracy of the determinatiqif depends mainly 013 the care with which 

the meter is maintained in correct adjustment. The position of the 

thermometer in some types of wet gas meter is faulty, and this 

^ive rise to an error of p-S per cent, on the volume measurement. 

Recording Calorimeters. — A number of calorimeters which give a 

continuous record of the calorific value of a gaseous fuel arc on the 

“ market. An extremely ingenjpus apparatus has been designed for 

this purpose by Prof C. V. iToys.^ 

• ^ 

« * * 

• • I^fTERATURt: 

COSTK, J. H. — The Calorific Power 0} Gas, 19 ii. 

COSTE, J. II., ;ind ANDftEWS, H. R.—T/ie Kxi^mination and Thermal Value of Fuel : 
Gascons, Liquid, and Solid, 1917. ^ 

Fuel Rrsearch Board.-— Repq^d oh Methods of Analysis of Coal, 1923. 
Illingworth, S. R. — The Analysis of Coal and its Jlye-Products, 1921. 

White, A. H. — Technical Gas and Fuel Analysis, 2ncl edition, 1920. 

In Bacon and Mellor’s American Fuels, Vol. II. : Coal, Appendix I. gives the 
Final Report of the Joint Committee of the Amor. Society for Testing MiUeiials 
.. and the Amer. Chem. Soc. (reprinted from/. Ind. Rny\ Chem., 1917, 0, 100) ; 
and Fuel Oils, Appendix II. gives the methods for testing fuel oils adopted 
by the Coifiinittee on St.'indardis.ation of Petroleum .Spcrltications, effective 
Dec. 29, 1920. 

^ * k 
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manufacture' of sulphurous acid, 

■ SULPHURIC ACID, AND FTITRIC ACID 

. ' 

liy J. T. Dunn, D.Sc., F.I.C., Cons<»iIting Chemist, Newc:istlc-on-Tync, 
and tlic late Professor G. LUNGJi 

SULPHUROUS ^CID 

Formerly sulphurousv acid was produced almost entirely for 'con- 
version into vitriol by the lead-chamber process ; to-day it is made 
in considerable quantity in connection with the sulphite-cellulose 
industry, and to a lesser extent for conversion hnto liquid sulphur 
dioxide. On this account it is qccorded separate treatment. 

RAW MATERIALS 
I. Sulphur (Native Sulphur) 

Sicilian native sulphur is shipped in the form of blocks, each weigh- 
ing from 28 to 30 kilos; owing to the friable nature of the sulphur 
these blocks are usually shattered during tran.sport into lumps of 
varying size and to,'‘ome extent' to powder. The best qv^ality (“ firsts,” 
“ prima Lercara” or “prima Licata”) coiH?ists of large, shiniirg' pieces 
of anTber-yellow colour. The seepnd quality ('‘seconds,” “seconda 
vantaggiata ”) is also of a good yellow colour, ,but not quite so brilliant 
in appearance. , The bulk appears in commerce as a third quality 
(“thirds,” “terza vantaggiata”);, its colour is ^ull and not pure yellow. 
Nevertheless the ash is frequently as low as J per cent., and seldom 
excee^ls 2 per (^.ent exceptional cases it may rise to 4 per cent, 
or "hiore. The foilrth grade fs of a greyish-yellow colour, and may 
contain up to* 25 per cent, of earthy matter. “Zolfo ventilate” is 
sulphur which has 'been ground, separated by an air blast, and sieVed. 

Commercial Sicilian sulphur contains only very small quantities of 
volatile njatter and of bithmen, and generally is free from, or contains 
only traces of, ars.enic and selenium. The sulphur- from ^ the Solfatara 
at Naples, which Phipson /ouAd to contain rM62 per cent, of arsenic 

858 
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and 0-164 per cent, of selenium, is of no importance as a c(Vnmcrcial' 
product Louisiana sulphim sometimes contains petroleum. 

The degree of fineness of ground sulphur must be determined when 
the sulphur is intended for application in vine culture/to destroy the 
grape-disease O'idium. This examination is effected *by means of 
Chancel’s sulpJmrimeter, showmin Fig. 186. The sulphurimcter consists 
of a cylindrical glass tub^, 23 cm. long and .15 mm. dfameter, sealed 
below, fitted with a glass ^topj^er above, and graduated from the bottom 
upwards into 100 degrees. Each degrej equals | c.c. ; the 100 degrees 
(25 c.c.) occupy a lengtl^ of 100 ihm. The ground sulphur is shal^m 
f*ith ether in the tube, and allowed to settle, when it forms a layer the'*^ 
height of which baars a relationship *10 the fineness of the grinding. 
Yke sulphur to be examined is ftrst passed through a 
•sieve of i mm. mesh, in order to break down the lumps 
formed during storage. Five g*. of the^sieved sulphur are 
placed in the tube, which is then half-filled with anhy- 
droi^ ether as nearly as ’possible at a temperature of 
sievcil sulphur in <the tube is bl*6ken down 
still further by thorough shaking, after which ether is 
added until the level sti^nds 4 mm. over the looth 
division ; the w^iole is again well shaken and the tube 
then fixed -in a vertical position. When the sulphur layer 
has come to rest, its position on tfie scale is read off ; the 
reading gives the finene.ss in “ Chancel degrees.” As a 
rule, ground sulphur shows 50" to 55"", finer qualities 70“" 
to 75", Zolfo ventilato 90° to 95". For use in viniculture, a 
mkiirnum of 60'' and frequently of 75* Chancel is demanded. 

According to H. Fresenius and P. Beck,^ the dimensions 
of the sulphurimcter are of importance and must be exact; 
they recomm^md the instrument m^ftlc by J. Qreiner, 

Munll,-iii This differs in it«s dimensions from the French instrument 
described above; tlifc length of the tube to division 100 is 175. mm., 
the length* of the* .straight portion b’etween 10'’ and 100^ is 154 mm., 
and the internal dianieter 12-68 mm. The eUier em]doycd should be 
distilled over sodium, aiiit all disturbance should be avoided after the 
.shaking, the instrument being immcdirAcly clamped in a stand and 
immersed in water at i7''-5. * ^ 

It may further be ne€e.ssary to dctcunine whetliRir^ the fineTulphur 
intended for vine-dusting is really ^flowers of sulphui* or whether it 
consists of a mixture of ground sulphur with flowers of sulphur. This 
*‘is besf done by microscopic examination, tjie ground sulphur being 
distfnguished^by its crystalline appearance fre^n the partially amorphous 
flowers of sulphur. /Phe method is not, however, absolutely trustworthy, 

^ * j ^ * 

^ Z. anal. Chem.^ 1902 / 42 , 21 . 

• • 
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since flo\}/ers of sulphur change in course of time almost completely into 
the crystalline condition (Alpha sulphur).' The partial iiisolubility of 
flowers of sulphur in carbon bisulphide may also be en\ployed as a 
qualitative tcs\\ but with old samples the percentage of insoluble 
sulphur may ' occasionally be very slight. This reaction cannot be 
applied as a quantitative method, sinca the ratio between soluble and 
insoluble sulphur varies .considerably even ip freshly prepared flowers 
of sulphur. ’ 

Fonzes-Diacon ^ separates ^the sulphur into gresil (retained by a 
ipo-mesh sic^e), coarse flowers (passing lOQ-mesh but retained by 
»^40-mesh), and fine flowers (passing 240-mesh), and determines tbre 
percentages insoluble in carbon disulphide in x\iQ, gresil and in the coarse 
flowers. In pure sublimed samples^thc ratio of the first to the sccGnti 
of these is always less than unity (whether fresh or old, since any change 
on keeping affects all portions equally); but the addition of 20 to 25 
per cent, of ordinary ground sulphur raises JLhe ratio ?bove unity. 

Opinions differ very considerably as to whether ground sulphr.r or 
flowers of sulphur is tile more efficient in - viniculture. H. Fresenius 
and Beck recommend ground sulphur, maintaining that it adheres more 
firmly to the leaves than does the amorphous varjety. In France, on 
the other hand, flowers of sulphur is preferred, owing (o its finer state 
of division, as compared with the'^ground sulphur (which is frequently 
employed on account of its cheapness), and also because of the very 
active destructive action of the adhering acid on the oidium. 

The chemical examination of native sulphur includes' the ^'^llowing 
determinations : — 

1, Ash. — This is determined by burning off about 10 g. of sulphur 
in a tared porcelain crucible and weighing the residue. 

2. Moisture. — In the ca.se of lump sulphur this determination is 
frequently unnece.ss^ry, but it should be made if ac^ulteratiom by 
spraying is suspected, or if the sulphur dias been exposed rain. 
The estimation is, however, always misleading, ow^mg, on the one hand, 
to the difficulty of obtaining a genuine average sample, and on the 
other hand to the loss ,of moisture which almost inevitably occurs in 
breaking down the .sample to suitable fineness for laboratoiy work. 
The sample should not be crushed further than to a coarse powder, and 
this should^t^e done ^s speedily as possible. At least 100 g. should 
be 4 ;aken for the estimation. -^In the case of'.ground , sulphur, it is of 
course much easier to obtain an average and more finely divided 
sample. According to Fresenius and Beck, the drying ope\'ation 
should only occupy a short time and the temperature should not 
exceed 70°. 

Difficulties in the moisture determination arising from the presence 
1 Ann. Falsify 1916, 9,^33 ; /. .SV. Chem. Ind, 1917, 36, 333 * 
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of gypsum have been experienced by F. B. Carpenter ^ in the okamina- 
tion of Mexfcan sulphur. He consequently recommends making the 
estimation drying the sample in vacuo over sulphuric acid. ^ 
portion of the sample is freed frorr# gypsum by boili>i^ with dilute 
sulphuric acid, the residue dried and weighed, and the contained 
sulphur estimated, either by -burning-off or by solution in carbon 
bisifiphide (cf. infra). ^ 

3 . Bituminous substances/ — Any appreciable quantity is evidenced 
by the bad colour of the sulphur, but in ^most commercial sulphurs the 
amount present is too small to 'render a determination* ncccssai^^^ 
Sulphur recovered from gas residuals is, however, frequently quite 
black from the presence of this impuritj^. 

Fresenius and Beck drive off the sulphur by heating 10 g. to 
slightly over 200"", weigh the resjdue, ignite for ash and re-weigh, and 
regard the difference between the two weighings as representing the 
organic matter present. ^ 

4 ^ Arsenic. — This impufily may occasionally occur in very minute 
quantity in Sicilian sulphur, ^ti> a greater extent in the Solfatara 
sulphur (see p. 358), and especially in sulphur recovered from pyrites or 
from alkali-waste. Jlie arstnic may be present either as arsenious 
sulphide, As^^S^, *or as arsenious oxide' exceptionally also as 

calcium or iron* arsenite. J. T. Conroy (private communication) finds 
the sulphur recovered from alkali-waste by the Chance-Claus process 
particularly free from arsenic ; tested by the Hager method, only very 
minute, ^nd 0 'jubtful traces are indicated. Sulphur recovered from 
pyrites does not show such freedom. 

For a qualitative examination for arsenic, Hager’s method - may be 
employed. It is^carried out by shaking i g. of sulphur with 15 drops 
of ammonium hydroxide and 2 c.c. of water, filtering after half an hour, 
and adding to ^hc filtrate contained in test-tube "^0 drops of hydro- 
chloric^^id acid 15 drops of solution of oxalic acid, A strip of clean 
brasses then placed iif the solution and this is warmed to a tempenature 
of 60” to 100" ; in tlie pr«sence of arsenic an iron-coloured to black film 
forms immediately on tfie brass. A blank test aliould always be^ma^e 
with the reagents used, anft to ensure uniformity of temperature it is 


advantageous to heat the two test-tubes ^idc by side, in a beaker of 
water, * ^ ^ _ 

Sulphide and.oxide o^ arsenic may be extracted* by digesting the 


sulphur with dilute ammQiiia at 7o''^to 80''; they remifin behind on 
evapoititing the ammoniacal extract. It is better, however, to add excess 
^ hydr(^hloric acid to the ammoniacal extract ^nd then precipitate by 
satur^ion witl^ sulphuretted hydrogen ; any arsenic originally^ present 
•as AsgSg naturally co;nes down before passing in the gas. The arsenic 

^ /. 6'oc. them, Ind.^ 1902, 21, 8}2. ^ Piiarm. Cenir,^ 1884, 265 and 443. 
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present ’»is best estimated by Schappi’s method,^ which consists in 
exactly neutralising the ammoniacaj solution with nitric acid, diluting, 
apd then titrating with N/io silver nitrate solution, usin^ as indicator 
neutral potassium chromate, which is coloured brown by a drop of the 
solution after all the arsenic has been precipitated. 

The salts of arsenious acid remain in the insoluble residue on 
extracting suiphur with carbon bisulphide); this residue musf be ' 
digested with aqua j-egia and examined Vpr arsenic in the usual manner, 
as is described more fully und^^r “ Sulphuric Acid ” (p. 433 el seq.). 
r 5- Selenium may be detected *by oxidi.sing the sulphur, best by 
deflagrating with nitre ; on dissolving the melt in hydrochloric acid afid 
treating with sulphurous\icid, selenium will, if present, be precipitated as 
a red powder. * 

In America, according to Reed," ^ the examination for selenium it, 
carried out as follows: — 0 5 g. qf the sulphur is boiled with a solution of 
0*5 g., potassium cyanide in 5 c.c. of water, /.he solution Altered, and the 
filtrate acidified with hydrochloric acid ; affer standing for an hour no 
red coloration due to selenium should ?'esuK. A pak yellow coloration, 
due to perthiocyanic acid, may be neglected. The test is made still 
more sensitive by boiling i g. of the sulphur* for aq hour with a solution 
of 2 g. of potassium cyanide, then adding a further 0 5 g. potassium 
cyanide and continuing the boiling for half an hour. Ahyiron present 
will, of course, react with the thiocyanate formed. 

For methods of determining minute amounts of selenium in sulphur 
or pyrites, see Klason and Mellquist^ and Smith. * ' 

6 . Determination of Sulphur. — Macagno^ recommends the direct " 
method of extraction with carbon bisulphide, and has calculated a treble 
for this purpose. The method has been investigjjtcd by Pfeiffei*^* 
and the specific gravities involved determined with considerable 
exactitude. To estimate sulphur by this process, a weighed quantity 
of the powdered sample is shaken in a wclP-stoppered bottk: wilfl/at least 
four times its weight of pure carbon bisulphide, accurately weighed, and 
the specific gravity of a clear sample determined at a known tempera- 
tiu'e C.-f 15" C. jand higher). 

The specific gravity thus determined is i^ nccc.ssary reduced to that 
at IS'^C. by means of the foAuiila: 

* -p , o 4. y'’ 1 (jI . 

• bpeciiic gravity at ic; -=*snec. vrav. at t a 

^ ’ I + a X f5 X 15" 

where rt! = o-(X)i 1^98 and Z- = 0 00(5001370. 

1 Chem. Ind., l88l, 4, 409. CherA'. Zetl. Rfp., 1897, 21, **2^2, 

■* Z, an(>ew. Chem., 1912, ?!5, 514 ; /. ^oc. Chem. Ind., 1912, 31, 331. • 

J.*'Ind. Eng. Chem., 1915, 7, 849 ; /. Soc. Chem. hid., 1915, 34, 1096. 

^ Chem. Neus,*i%%\, . • , 

^ Z. anorg. Chem., 1897, 15, 194 ; also, P. Fuchs, Z 'angeiv. Chem., 1898, II, 1189. 
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The percentage of pure sulphur in the sample examined is deduced 
from the forn!ula : * , 

• «/ o _ ^ ^ 

O — -"j 

where — 

^z = the weight of sulphur dissolved by lOO g. carbon bisulphide, accord- 
• ing to the following table, , . 

/^ = the weight of carbon bi^ulpliidc used in the extraction, 
c = the weight of substance. 


Sj^cific gravities of solutions of Sulphur in Carbon Bisulphide 
with the corresponding weights ^of Sulphur dissolved by loo 
• ^arts by weight of pure Carbon Bisulphide at 15" C., compared 
* with Water at 4° C. 


Spenlic 

gravity. 

SulpllUT 

(ilssolvod. 

Specillc 
• gravity. 

Sulphui 

(^ISSOlVO'J 

Sppftilic 

giavity 

Sulphur 

ilissi)h()<l. 

Si.ecific 

gravity. 

Sulphur 

ilissolved. 

1-2708 

0-0 

1-2999 

• 6-4 

1-3263 

^2-8 

1 -3507 

19-2 

1-2717 

0-2 

• 1-3007 

c.-r,' 

1-3271 

13-0 

1-3514 

19-4 

1'272G 

0-4 

1-3016 

6 -a 

1-3279 

13-2 

1-3521 

19-6 

1-2736 

0-6 

1-3024 

,7-0 

1 -3287 

13-4 

1 -3529 

19-8 

1-2745 

0-8 , 

>3032 

t *7-2 

1-3295 

13-6 

1-3536 

20-0 

1-2754 

1-0 

1 3041 

7-4 

1 ^3303 

13 8 

1-3543 

20-2 

1-2763 


1-3050 

7-6 

1-3311 

14-0 

1 -3550 

20-4 

1-2772 

1-4 

1 -3058 

7-8 

1-'3319 

14-2 

1 -35.57 

20-6 

1-2782 

1-6 

1-3066 

8-0 

1 -3326 

14-4 

1 -3564 

20 -S 

1-2791 

1-8 

1 3074 

8-2 

1-3334 

14-6 

1-3571 

21-0 

1-2800 

2-0 

1-3083 

8-4 

1-3342 

14-8 

1-3577 

21 -2 

1 -2809 

• 2^ 

1 -3091 

8-6 

1 -3350 

15-0 

1-3584 

21-4 

L’^-28l1f' 

2-4 

1-3100 

8-8 

1 -3357 

15-2 

1 -3591 

21-6 

I 1-282S 

2-6 

1-3108 

9-0 

1 -3365 

15-4 

1 -3598 

21 -8 

i 1 AS 38 

2 8 

1-3116 

9-2 

1 -3373 

15-6 

1 -3605 

22-0 

1 1-2847 

3-0 

1-3.125 

9-4 

1 -3380 

15-8 

1-3612 

22 2 

1 -2856 

3-2 • 

1-3.133 

9 6 

1-33S8 

16-0 

1-3619 

22*4 

1 -2866 

3-4 

1-3112 ' 

9-8 

1-3396 

• 16-2 

1 -3626 

22 -ti 

1 -2875 

3-6 

1-3150 

10-0 

1 -3403 

16-4 

1-3633 

22-8 

1-2^85 

3-8\ 

1 -3158 

10-2 

1-3111 

1 16-6 * 

1-3610 

23-0 

1-289^^ 

4-0 

1-3166 

•10 4 

1-3118 

16-8 

1-3616 

2‘1‘li 

1-2903 

4-2 

1-3171 

10-6 

1-31-26 , 

17-0 

1 -3653 

23 4 

1-2912 

4-4 

r:Ti82 

10-8 

, 1-3433 

17-2 

1-3660 1 

23 T) 

1-2920 

• 4-6 

•1 3190 

11-0 

^ U3441 

17-4 

1-3667 

23-8 

1 -2929 1 

4-8 

1-311W • 

11-2 

1-3118 1 

17-6 

1-3674 

24-0 

1 -2938 ' 

5-0 

1 -3207 

11-4 

1 -3456 

>7-8 

1:3681 

24-2 . 

1-2917 ' 

5 -2 

1-3215 A 

1 11-6 

1-3163 

18-0 

1-3688 

^24-1 

1-2956 I 

5-4 

1-3223 

11-8 

1 •3*170 

18-2 

1-3695 

24-6 

1 -2964 ! 

5-6 

1-3231 

12-0 

l-347t? 

18-4 

1-3702 

24-8 

1-2973 

5-8 

1 -3239 

12-2 

t-848'> 

18-6 

1-3709 

25-0 

1 -2982 

6-0 

1-3247 

12-4 

1 -3492 

18-9 




1 -2990 

b -2 • 

1-3255* 

12-6 

1-3590 

19-0 

M 

• 


Bruflo^ determines total sulphur as follows: — i*g. is boiled for 
fc\fcnty rftinutes with 10 C.q. of sodium^hydroxide solution (sp. gr. i‘33) 
and 2(5 c.c. of waiter. The solution is cooled, madfc up to 100 c.c.^ filtered 
through a dry ^filter, ^nd 25 c.c. boiled with five successive quantities 
^ A»». Fahtf., 1910, 3^ 129 ; J. Soc, Chem, Jnd,^ 1910, 29, 626. 
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of 5 c.%. each of a solution consisting of lo c.c. of the same sodium 
hydroxide solution, 2 c.c. of bromiije, and* 20 c.c. of water.' The solution 
is then acidified with hydrochloric acid, the excess bro*mine expelled 
by boiling, anrf the sulphur detenmined as barium sulphate. 

In regard to the examination of refined sulphur — 

Roll Sulphur is generally to all intents chemically pure ; it may be 
examined for* ash, arsenic, and selenium (.se^ pp. 360-362). ' 

Floivers of Sulpliur not quite sd' pure; if not carefully washed, 
they are especially liable tp contain free acid, more particularly 
,^’ilphurouB acid, sulphuric acid, hnd also .thiosulphuric acid, which 
may be tested for. by the usual methods. If intended for use in fhe 
manufacture of fireworks, the kulphur must be free from all trace of 
acidity. According to determinUtions made by Janda,^ the reoiaue 
on ignition amounted to 0*063 per cent, as an average of thirfy 
samples, the maximum valu^ being* 0*283 per cent. The solubility 
in boiling sodium hydroxide solution qf i*2 sp. ♦gr, led to a mean 
value of 98*04 per cent, with a maximum of 99*99 per cent,«and a 
minimum of 88 per ce?i'L. ; in one cast, ho\i ever, only 68 per cent was 
dissolved. • 

According to Domergue,^ only those prpducts, should be classed as 
“flowers of sulphur” which, when fresh, contain at least 33 per cent 
insoluble in carbon bisulphide. ** * 

On the analysis of sulphur, see further Taurel and GriiTet,^ Lcvi,'‘ 
Went7xl,^ and Wolff.« 

II. SULNIUR FROM GaS RESIDUALS 

The spent purifying materials from gasworks frequently contain 
over 50 per cent, of free*'sulphur.’^ They are first freed from ammonium 
salts by extractioivwith water, and then subjected to a s^jecial trealment 
for the recovery of cyanogen compounds (bl^e p. 650 et seqf Thc^ residue 
remaining after this treatment^ foj;ms a valuable raw material for the 
production of sulphurous acid. It consists ^essentially of free sulphur 
ajjd q^ide of ij:on admixed with sawdust, tarry substances, etc., and may 
also contain varying quantities of lime, etc.* Any lime present will, on 
burning, fix part of the siflphur, and on this account a method of 
analy^sis i*: ■ a:i^pted* which takes account of available sulphur only.^ 

The spent oxide Is burnt by fhe aid of platinised asbeotos, the resulting 

• 

^ Jahresher, d, chem. Teth.^ 1897, 421. " IShem, Zeil, AV/., 1905, 29, 19. 

■’ CompUs rend.y 1911, 152, I182 ; /. Soc. Chem, Ind., 1911, 30, 683. 

^ Annali Chim. Appl., 1915, 9 j J, Soc. Chim. fnd., I 9 I 5 ,* 34 , 282. 

** Z. anj:rew. Chem,, 1918,31,^8. * ** Ikd,, 128. ‘ 

’ The Examination of these residuals for theii more important constituents will be described 
in the section on Gas«Manufactur^, Vid. IV. * i 

Zulkowsky, Dtngl. polyt.J.^ 188 r, 241, 52.^ 
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gases are passed into a solution of potassium hydroxide and potassium * 
hypobromite, ^nd the sulphuric acid contained in the resulting solution 
estimated by precipitation with barium chloride. , 

The burning is effected in a corrabustion tube, 6o 9m. in length 
(Fig. 187), narrowed at and drawn out at one end into a downwardly 
directed and not too thin narrower piece 10 cm. long. A layer of 
platinised asbestos, 20 to 2,5 cm. long, is placecV between \i and and 
7 to 10 cm. behind this a porceL^in boat containing ^ibout 0-4 g. of the 
sulphur. The free end of the tube is conneefed at k with a gasliolder 
containing oxygen. Two ,14 cm. hi^h bulb U'^^djcs c and d and tb^:^ 
tulic filled with glass wool, are employed for absorbing the evolved 
gases. They are charged with a solutioh prepared by dissolving 180 g. 
of^^assium hydroxide (purified from sulphate by alcohol) in water, 
Sliding to this 100 g. of bromine^ drop by drop, cooling as required, 
and diluting to i litre ; thirty *c.c. of fhis solution is sufficient for 
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■^he estimation of 0-5 g. sulphur. The glass wool in the tube should 
also “tee moistened with the solution. 

* A current of moist oxygen is passed through the tube, and the 
portion between a and b heated to redness ; th(^ boat is then pushed in 
and the heating^ extended from right to’ left, until fyially the tube is 
heated T^the ^ooint /. The dhrrent of gas must be much more rapid 
than that employed Tn ordinary qj-ganic combustions, in order* to 
prevent sulpfiur from pa^^jng away unburnt ; on the other hand, it 
must not be so strong that the sulphur dioxide? escape^ unabsorbed. 
Any deposit formed at Ji mitst be driven fprward by means of a Bunsen 
burner; the combustion is complete when %uch deposit ceases to form, 
^and this is usually the case after one hour. The absorb^ia<— « cessq^^ are 
then removed, emptied, anfl washed out ; Sny sulphurit acid remaining 
in the tube at h is recovered by repeate^lly drawing up wat^r by^uction 
applied ^t k. The .solutions and washings are combificd, hydrochloric 
acid added in sufficient (?3^cess to neutralise th« alkali and decompose 
the hyjDobromit^, the whole heated and if nece^iAry concentrated, and 
the sulphuric acid precipitated as barium suhihate by aijdition of a hot 
solution of barium chloride.* * 
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Thip method is also applicable to the determination of available 
sulphur in pyrites ; in this case the platinised asbestos i's omitted, and 
the combustion tube, drawn out and bent round as abo\^, need not be 
more than 40, cm. long. t 

Hydrogen peroxide may be used with advantage instead of potassium 
hypobromite solution, titration of tke sulphuric acid by standard 
alkali being substituted for the gravimetric^ determination. Allovtance * 
must, of course, be made for any ac?Jity dn the hydrogen peroxide 
employed. This modificaiion is much more rapid than Zulkowsky’s 
^lethod, and does away witfi th(^ necessity of employing absolutely 
sulphate-free potassium hydroxide. The reaction is simple : ^ 

' 1TO/+.SO, - ITsb,. 

Similar methods, generally intended for the determination of available 
sulphur in pyrites, have frequently been recommended ; these are 
described below. 

The determination of the sulphur by qxidation'with hydrogen per- 
oxide always gives toq high results, and some tar is also dissolved). 

Pfeiffer^ burns i g. of the samplc’in a 'bottle filled with oxygen, on 
the bottom of which a solution of sddium hydroxide is placed. The 
solution is finally oxidised witji 1 c.c. of*30 per c^nt.#neutral hydrogen 
peroxide, and titrated. 


III. Pyrites - (and other Metallic Sulphidc.s) 

Pyrites is generally received in sealed duplicate samp^^.-"^ '^0(^ 
to 300 g., the average sample being preqar^qd j'-^^jcording to the rules 

given on 

The most important determination for the acid manufacturer is 
naturally that of the sulphur content. In addition, moisture, and 
less frequently c«pper, arsenic, zinc, and carbonates *are deterinined. 
The complete analysis of pyrites is very seldom undertaken, ^enei ally 
only in examining the first coi^sigiiments from a ngw source. 

1. Moisture. — The coarsely ground sample is dried at 105°, until 

the ly^eight becomes'' constant. For the following tests, the finely 
divided average sample prese’'ved in a well-scaled bottle, not the dried 
sample, is employed. ^ 

Tbr :...;ily|kal ;esults are calculated on the dry pyrites, for which 
reason a special moisture determination In the average sample is 
necessary. 

2. Sulphur.~It must be decided whether the total sulphur, or that 
rendered soluble by aqua regia, or finally that recoverable by heating 

1 J. Ohsbdeucht., 1905, 48. 977 *, Centr,, 1905, II., 1831. 

Cf. W. Wyld, Xaw Materiaj^ ftr the Manufacture of Sulphuric Acid ond the Manufacture of 

Sulphur Dioxide, I 923 f P* 
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in a current of air, is to be determined. Sulphur present as he^vy spar 
or galena weuld be includefl in the first case, which is useless for 
the producti(*n of sulphurous acid. For this reason and also because 
of its greater rapidity, and the avoidance of the fusion, ^which strongly 
attacks the platinum crucible, the wet method, as recommended by 
Lunge, ^ is almost universally used. By publication in the Alkali 
Makers' Handbook the method has attained ,the rank of a standard 
process, and is generally epiplo/cd in buying and selling. 

The third group of methods in which the available sulphur is 
estimated has been dealt with under “ (jas Residuals” (,p. 364) ; i t^ 
as a rule employed for pyrites. 

As a preliminary to an^^ method oi^ determination it is essential to 
ro 4 * 4 CC the sample to a very fine powder, first in a steel mortar and 
Anally in an agate mortar. A porcelain or Wedgwood mortar should 
not be used, as they yield quite appreciable quantities of foreign matter 
to the sample. TJic complete sample is then sifted through very 
fine i^lk gauze, without elimination of any residue. 

Lunge’s metho^ for the^j^vet epctraction of pyrites is as follows ; — 0*5 
g. of the pyrites is treated with*i^bout 10 c.c. of a mixture of 3 volumes 
nitric acid of 1-4 sp. gr. and »i volume strong hydrochloric acid (both 
acids must be tested for complete freedom from sulphuric acid), with 
occasional heating, and care being taken to avoid spurting (r/. p. 16). 
In exceptional cases some free sufphur may separate ; if so, it may 
be oxidised by the cautious addition of potassium chlorate. The 
mixture^is^e^^'^porated todryne.ss on the water-bath and this evaporation 
-''^i^i^epeated after the addition of 5 c.c. of hydrochloric acid, after which 
pitraus fumes should cease to be evolved. A further i c.c. of concen- 
trated hydrochloric acid is added to the residue on the water-bath, 
and after a few minutes 100 c.c. of hot wa^er is added, the whole 
filtered througl^a small filter paper and the insoluble matter washed 
with li«4;^wat(;r.“ The residue may be dried, ignited, and weighed. It 
may contain in addkion to silica and silicates, barium, lead,^>and 
occasionally* calciufn si^l^^hates, the sulphuric acid of which being 
absolutely non-available* is purposely neglected,^ If the residue is not 
to be estimated, the filtratfcn may be neglected and the prccij 5 itation 
with ammonia proceeded with as soon as*all the nitric acid has been 
driven off. • * ^ 

• To remove tl:^e iron, the filtrate and washings aro rfeutratis^ with 
ammonia, an excess of 5 tp 7 c.c. of strong ammonia solution is added, 
and th® liquid heated to 60" and 70^ for ten to fifteen minutes, but 

^ 

’ Chem.^ 1881, 20 , 419*; and Z, an^inv.K'hem.^ i889»2,^473. Pattinson,/. Sol. Chem. 

Ind.^ 1905, 24, 9 ; Treadwell, Analythiil Chemistty^ 5th edition, vol. ii., p. 467. ♦ 

• Cf. Dennstedt and Ha#sler, Z. angew. Chem.y 1905,118, 1137 and 11^62 ; also, G. Lunge, 
1905, 18, 1656? • / * 
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the solution should not be heated to boiling; it should still smell 
strongly of ammonia, otherwise the precipitate may contain basic 
ferric sulphate. 

The separated ferric hydroxide is filtered off and washed. The 
operation may "be carried out in shorter time (one-half to one hour) by 
observing the following precautions:— Filtering hot and washing on 
the filter with hot water, taking care to avoid channels by thoroughly 
disturbing the whole precipitate with each washing. 2. Using a 
sufficiently dense biit rapic> filtering paper. 3. Employing a correctly 
made funnel with an angle oi 60'’, the tube of which fills completely 
'witfi the filtrate. 

The washing is continued until about Pc.c. of the washings yields 
no turbidity with barium chloride. after standing several minutes.^^n 
doubtful cases it is advisable to prove the comj)letc absence of basic 
sulphate by fusing the dried ferric hydroxide precipitate with pure sodium 
carbonate and examining the aqueous exti;^ct of th,9 melt for sulphuric 
acid. 

Hundreds of check kests, carried o’,it in.the manper described, have 
shown (Lunge) that by observing the, above precautions even novices 
almost always obtain a ferric hydroxide ,free from sulphuric acid, and 
that with experienced workers this is always the case. Kuster and 
Thiel, ^ who incorrectly assume that the ferric hydroxide cannot be 
completely freed from sulphuric acid by washing, recommend as an 
alternative method to precipitate with barium chloride without previous 
removal of the ferric hydroxide but to remove this sub5eq”'?ntlv by pro- 
longed digestion with hydrochloric acid, or to add a considerable amouifir' 
of ammonium oxalate so as to prevent altogether the precipitation of 
the iron. Both methods occupy much more time than that described 
above and are in no way more exact." 

The combined filtrate and washings should not exceed 300 c.c.; if 
they do they must be concentrated by evaporation. Ilbe s(>k'tion is 
acidified with pure hydrochloric acid, avoiding ai^y considerable excess, 
heated to distinct boiling, and after removal pf the flame a solution of 
barium chloride, also^ at the boiling tempeVaiure, added all at once 
with constant*^ stirring. By adding the hat barium chloride solution 
all at once to the solution t ) te precipitated, instead of drop by drop, 
an error is introduced owing to the absorption of some barium chloride 
by th^’^bariumSidphatc, but -this just compensates the loss caused by 
the solubility of the barium sulphate in the solution, and the error due 
to the unavoidable co-precipitation of double sulphates of baripm and 
ammonium. The presence of copper introduces no error in the de- 

^ Z. UK irg. Chem., 1899, 19, 97 ; 1900, 22, 424. ‘ 

^ Cf. Lungd, Z. at^org. Chern.^ iSgj, 19, 454 ; Hcrting, Z, angex^. C/iem.^ 1899, 12, 274 ; also^ 
C/um. ZtiL, 1899, 23, 768. \ 
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termination ; zinc if present in small quantities has also no effect, but 
if present in targer proportions, as iji the analysis of blende, the error 
is greater, owfng to the solubility of barium sulphate in the ainmoniugi 
salts necessary to keep the zinc in .‘solution. This crrgr is, however, 
also compensated, as stated above, by adding the barium chloride 
solution all at onced Twenty c.c. of a lO per cent, barium chloride 
solution diluted with lOO c.c. of water, will st/fice for of pyrites. 
A larger excess of bariuimchlofide is to be avoidec^ or the results will 
come out too high. The whole is allowed^to stand for forty minutes 
after precipitating, by which time* the* filtrate should have cleajtfif ’.. 
completely and be ready for further treatment. . The clear liquid 
is decanted as completely as possibfe through a filter, lOO c.c. of 
b^iiii*:g water poured on to the precipitate and the whole stirred ; 
‘after two to three minutes the sc^ution should have cleared again and 
be ready for a further decantation. Tjie washing by decantation is 
repeated three or four timw until the liquid ceases to show ai\ acid 
reactfon ; the precipitate is then washed on the filter, dried and ignited. 
It should be perfectly whifti and should not take. The filter paper, 
after separating the precipitate, is either burnt in a platinum spiral, or 
the filter paper and precipitate are burnt wet in the crucible. In the 
latter case it is necessary to convert the* resulting barium sulphide into 
sulphate, by’gefitlc ignition with the crucible in a slanting position. 
One part IkiSO^ = 0-1373 parts of sulphur. 

With practice, the total volume of solution to be precipitated with 
bariiin%, -’dijiioe will not exceed 300 c.c., so that evaporation, before 
precipitating, should not be necessary. If it is unavoidable it must be 
carrf«d out on the water-bath, or in such manner that any sulphurous 
coinbustion prodjicts arc kept away from the solution, by heating 
on an asbestos or aluminium plate. * 

Other methods for removing the iron are described by lieidenrcich,^ 
by Hefiing and Ivchnhardt,*^ By Gyzander,'^ and by Smoot.'" 

The previous prcci|)itation of the; iron is necessary, since, if prer^tnt, 
it gives rise to the form^tipn of a double sulphate of iron and barium 
in the barium precipitate, which double sulphate*- loses p^art of its sul- 
phuric acid on ignition.'" llie resulting (jrror may, according to Lunge, 
reach a maximum of I per cent, in thc*case of pyrites (this result 
differing from that of Thiel, who lost up to*7 per cent.) ; .’x' i however, 
avoided by precipitating the iron as descrilDed on pp. ;^-368. * 

* • • 

^ and Stierlin, Z. angew. C/iern.^ 1905. l 8 , 1921. • 

Z. a^iorfi. Chem.y 1899, 20, 233. 

' ^ Chem, Zett.y 1899, 23, 768. , , Cheugi A^etvs, 1906, 93, 213. 

En^. and Min. J,, 1912, 94, 412 ; /. -SV. Cfiem. Iml.^ 1912, Jif 918. ^ 

, " ^ 7 * and Richards, /. 1889, 39, 3^ ; also, con cclion by these authors in 

consequence of commtnicatiofi from lounge, tbid., 1889, 40, ,»36» See also Luligc, Z. angew. Chem.^ 
1889,12,473, . , 
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The'cnjurious effect of a large excess of barium chloride, owing to 
absorption by the barium sulphate precipitate, has long 'been known, 
a^id Lunge has drawn special attention to this point. Richards and 
Parker ^ have carefully investigated the subject, but the methods of 
purification suggested by them, in addition to being extremely trouble- 
some, fail in their purpose unless the solubility of barium sulphate in the 
solution in which precipitation occurs be tal^en into account. Richards 
states that under ordinary conditions the two errors exactly compensate 
each other, and a result leiw near the truth may consequently be 
^"p^cted if the details given above arc carefully followed. 

Allen and Bishops have dcvi.scd a method which, slightly alteiod 
after co-operative work, has been widely adopted by American 
chemists. The modified method is as follows;-^ — 0-5495 g. of^dlic 
powdered sample, dried at lOo'" C, L treated with 6 to 8 c.c. of a 
mixture of two parts of bromine and three parts of carbon tetrachloride 
by volume, and left for fifteen minutes i;r a tall covered beaker, with 
occasional shaking. 10 c.c. of concentrated nitric acid is then added, 
and after standing for'^fiftecn minufes, w*ith occasional shaking, the 
mixture is heated below 100^ until most of the bromine has been 
expelled, and then evaporated to drynL^s on a steam plate. The 
residue is treated with 10 c.c. of concentrated h)alrochloric acid, the 
mixture evaporated to dryness, and the residue heated at 100" for 
half to one hour to dehydrate the silica, then moistened with i c.c. of 
concentrated hydrochloric acid and heated with 50 c.c. or more of water 
until solution is complete. After cooling for three to fiVt 
o-i g. of powdered aluminium is added, and when reduction of the 
iron is complete the solution is filtered, and the residue washed ‘nine 
times with hot water. The solution is treated with 2-5 c.c. of con- 
centrated hydrochloric dcid, then diluted to 650 c.c. and 50 c.c. of cold 
5 per cent, barium chloride solution added slowly, v^ithout stirring, 
preferably in single drops at the rate of ^bout 5 c.c. per 'minitLC.' The 
mixture is stirred, allowed to ^stand for at least two hours, and the 
precipitate collected on a thick layer of asbestos in a Gooch crucible, 
u<^ing suction., After washing with cold water, the precipitate is dried 
and ignited. According to the authors, no correction for the presence 
of occluded salts in the barium sulphate is necessary. The results 
are a£cii.rpS4 and duplicate deferminations arc always very closely 
c<incordant. ' 

Such methods as solution of the pyrites in fuming nitric acid, or 
in hydrochloric a’cid and potassium chlorate or sodium chloraie,'^ or in 

^ Z. anorg. Chem,, i8y5, 8, 4*3. 

2 Eighth Int, Congr. AppL 'Vhem.^ 1912. Section I., Orig. Comm., I, 33 • J. Soc. Chtm. Jnd.^ 

1912, 31, 919. 

H. C. Moore,/.' /;/</. Eng. Chm* 1916, 8, 1167 ; /. Sog. Chem. Ind.^ 1^17, 36, 29. 

** Noaillon, Z. angew. Chem.^ 1897, 10, 351. 
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hydrochloric acid saturated with bromine, are less satisfactory tfian that 
described abdve, owing to the* liability of the sulphur to separate. 

For othef investigations into the conditions of precipitation ^of 
barium sulphate, see Sacher,i Vanit Kruys,^ Allen and Johnston,^ 
Gooch and Hill,‘‘ Karaoglanow/* 

Of the dry methods of anatysis, that of Freseniu.s,^'’ though some- 
what tedious, is probably tlje most exact. 0-5 g. of pyritcfs is fused with 
10 g. of a mixture composed oPtwo parts of sodiunj carbonate and one 
part of potassium ^itrate, the melt is extracted with water, and after 
precipitation of the lead by a slow* current of carbonic r^nbydri^fiJ^j 
sokition is boiled with sodium carbonate solution, filtered, and the 
residue washed with hot water. The *combin^d filtrate and washings 
a?e acidified with hydrochloric acid, evaporated several times with 
"additions of hydrochloric acid to remove the nitric acid, the residue taken 
up with dilute hydrochloric acid* and precipitated by barium chloride, 
the barium sulphat® precipitate after ignition being finally purifij^d by 
boilir>g with hydrochloric a*cfd. This is a lengthy process, and has 
been replaced by Lange’s rrfethod even in Fres^nius’ laboratory. 

Other dry methods are generally restricted to the determination of 
sulphur in burnt ore ^ee p. 389), to a preliminary testing of iron pyrites, 
or to the analysis of some special pyrites for which the wet method is 
less suitable.* The wet method is ahvays the best for pyrites, containing 
only about 4 per cent, of copper, eg., Spanish pyrites. The method 
used in Freiberg is to heat i g. of powdered pyrites to a red 
heat in... a "inuffle furnace with 2 g. of sodium carbonate and 2 g. 
ol potassium nitrate; the melt is extracted with hot water, filtered 
into**cxcess of hydrochloric acid, and titrated with barium chloride 
solution by Wild^n. stein’s method {cf. p. 373). 

The best dry methods of treatment appeat to be those in which 
sodium peroxic^ is employed, as, for example, tho.se* recommended by 
IlempJi and Ly Ilohnel and Glaser.^ Idst^ recommends the following 
simplification of a mefliod proposed^by^Fournicr : — 0-5 g. of the hfiely 
divided pyrites (or burnt^ore) is intimately mixed with 5 to 6 g. 
of powdered sodium peroxide in a wrought-iron crucible* which is theja 
covered and gently heated Tn a Bunsen n^ime. Reaction quickly sets in 
and is complete in one minute. As soon as^he mass is fused the flame is 
removed and the crucible plunged into*i 50^:0 200 cwc. of water, in 
• . • • • 

^ C/iem. Zeit., 1909, 33, 941 ; /. ^oc. them, 28, 1066. 

Chen,^ Wedblad, 1909, 6, 735 ; Analyst, 1910, 35, 374. • 

^ /. Amer , Chem . Soc., 1910,32, 588, and /. ItuL Eng. Chem ., 1910, 2, 196 ; Analyst, 1910, 35, 
fll and 332. . , • 

* Z, anorg. Cherry, 1913, 80, 397 ; Analyst, 1913, 38, 339 - * * * 

,, Z. anal. Chem., 1917, 56, 417, 487, 561 ; J. Soc. ChenuTnd., 1918, 37, IC9 A, 168 A, 204 A. 

® Z. anal. Chem,, ^877, id, 335 - . ^ * 

’ Chem. Zetl., 1894, 18, 1448. , ^ ® Z. angew. Chem., 1903, z6, 414. 
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which the melt quickly dissolves. The contents of the crucible are 
washed out and the solution approximately neutralised’ with lo c.c. 
concentrated hydrochloric acid, filtered from the insoluble ferric 
hydroxide, wliich is washed as. recommended on p. 368, and the 
barium sulphate precipitated as there described. List states that in 
absence of sulphate of lead or of alkaline earth metals, the results agree 
with those obtained by. Lunge’s wet method. The iron crucibles are - 
cheap and will stand fifty fusions. 

Clark ^ heats with sodiuiV bicarbonate and magnesia, and estimates 
fhe.resulting'^sulphuric acid gravimetrically. Fahlbcrg and Iles^ fuse 
with a large excess of potassium hydroxide in a silver crucible. 

Of methods intendea for theVstimation of available sulphur, that is, 
of such sulphur as is converted into sulphur dioxide on roasting, thrA' of 
Zulkowsky has been described undcr^Gas Residuals (p. 364), Similaf 
methods have been previously described by Mixteiv^ Briigelmann,’* 
Sauer,'*’ and Jannasch.^' These metliods. have not been adopted in 
general practice for the examination Of iron pyrites ; thc).^ are, 
however, useful in the’-jase of mixed pyrttes and.ithc like, 

Silberberger ^ has proposed to replace barium chloride in the gravi- 
metric method by precipitating the sulpburic acid in alcoh(dic solution 
with strontium chloride. This suggestion has been opposed by Lunge, ^ 
and the method has been rejected by the Analysis Committee of the 
International Congress of Applied Chemistry.'-^ 

Numerous proposals have been made to shorten the determination 
of fixed sulphuric acid by employing a volumetric Such 

methods, however, in spite of the contrary view of Teschemacher"~and*^ 
Smith, do not possess the exactness of the gravimetric determination, 
and further, the saving of time, unless many determinations are made 
simultaneously, is not cGiisiderablc. At the same time it is to be borne 
in mind that the gravimetric determination of sulphuriciacid as barium 
sulphate is by no means one of the most ei^act analytical operations, and 
mayj in spite of all precautions, give an error arrftjunting to -.in of 
whole, or many times that involved in the determination of chlorine as 
silver chloride 

The more important volumetric methods for the determination of 
fixed sulphuric acid are '’appended, although, as stated, they are 
not sufficiev-'Ay accurate to justify their use in the case of pyrites. 

* Wildenstein“^ titrates with a normal .solution of ba’*ium chloride, and' 

\i 

1 /. Sue. Chem. hid,, 1885, 4, 329 and 7^4. Ber., 1878, II, 1 187. 

y Amer, Chern.J., 1880-81, 2, 396. ^ Z. anal. Chem,, 1873, 12, 32. 

5 llnd., 1876, 15, 175, « /. praU. Chem,, 1889, 40, 239 ; 1890, 41, 566. 

’ Ber., 1903, 36, 2755, 4f.5/). 

» Bel^., 1903, 36, 3387* Chem., 1904, 17, 913, 949 ; 1905, l^, 449. 

“ 1906, 1?. 344. . I C/ww. Airm, i 87 I|- 24 , 6i,*^6, and 140. 

Z, anal. Chem., 1862, I, 432. See also II. T. Bucherer, Z, anal. Chem., 1920, 59, 297. 
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determines the end-point by testing a small filtered sample as fcj-lows : — * 
The solution ns placed in an inverted bell-jar A (Fig. i88), through the 
neck of whiclf passes a bent tube b, which is closed below by a spring 
clip z and ends above in a funnel bent downwards, 
which is closed with two thicknesses of filter paper 
covered and held in position with muslin. The level 
of acidified solution must extend above th^ funnel. « 

The barium chloride soUitio*if is run into this with a 
good stirring, and after each addition a fi/ered sample 
is withdrawn by Vrst allowing ieverfel c.c. to flow , 
through f and pouring them back into A, and tjien 
drawing a further sample ?ind testing •this widi a drop 
of !5*arium chloride solution. If a •precipitate results, 
the sample is poured back into more barium chloride 
added, and a further test made. • Should the end-point 
be overstepped, a fcw c.c. of. normal sulphuric acid are 
added to the solution and "the testing completed, the volume of acid 
added being subt^icted fr«m tlfe volume of^jvarium chloride used. 

Wilsing^ exactly neutralise^ the sulphate solution, using phenol- 
phthalein as indicator, heats* to boiling in a porcelain dish, and adds 
a measured quan1;ity of a 4 per cent, batium chloride solution together 
with phcnoPfjh^alcin, and then titrates with a 2 per cent, solution 
of sodium carbonate until the red coloration is obtained. The volume 
of carbonate solution required gives the excess of barium chloride 
added 

' "similar methods have been described by Carl Mohr,'*^ Knopficr,^ 
Mov^iaupt,^ Blacher and Koerber,'’ Tarugi and Bianchi,^ and others. 

• Andrews^ precipitates the sulphuric acid by adding excess of a 
hydrochloric acid solution of barium chromat« to the boiling solution 
of the sulphate,; the excess of the precipitating reagent is removed by 
additi^^. of ammonia or of talcium carbonate to the boiling solution, 
the whole filtered, awd washed with hot water. The filtrate, ^^hich 
contains alkali chromate corresponding to the sulphate originally 
present, is cooled, concentrated hydrochloric ac^d added, followed 1^ 
potassium iodide, and the*libcrated iodine titrated with sodiuTn thio- 
sulphate. According to Reuter,^ only 5 ♦c.c. of concentrated hydro- 
chloric acid should be added, the whcHe w^ashed for five vAinutcs after 
* the addition of the potaisium iodide, the beaker b«ifig kept covered 
and a current of carbon dij^xide passed over the surface o^thc solution. 

Mu4ihell and Smith® add to the solution of the sulphate a measured 

^ 1 C^evx. fnd.^ i886, 9, 25. “ Annglen^ 1854, 90, 165. 

1885, 230, 260. * • Chehiff fen/r., 1905, I., 296. 

® 190^, II., 51I. “ Gazz. Chm. ItaL^ 1906, 3^, 347. 

■' Chem. Zett.^ep.y 1J89, 13, 39. Zeit.^ 1894, 22, 357. 

J, Chem. Soc., 1909, 95, 2198 ; J. Soc. Ckem. ImL^ 1910, 29, 47. 
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amount^ (in slight excess) of 2iV/5 barium chloride solution. The 
solution is boiled, neutralised by ammonia, sodium acetacC and acetic 
acid are added, then a measured volume of N/io ammonium bichromate. 
Alter cooling, the solution is made up to a known volume, and an 
aliquot part titrated with NJia ferrous ammonium sulphate (potassium 
iodide and thiosulphate could be used Uistead), to determine the excess 
of chromate. .Results are accurate; but with potassium sulphate there 
is considerable adsorption, and the baifum* sulphate precipitate must 
be boiled for some hours witv dilute hydrochloric acid before neutralising 
wj_th ammonia and proceeding as above. {Note . — Ammonium bichromate, 
which as an oxidiser is A^/io, is only Nj^o as a precipitant.) * 

For other modifications of -the chromate method, see Marboutin 
and Moulinie,^ Telle,*' Holliger,*^ and Roemcr;‘‘ for other volum.-£ftiic 
methods see Grossmann;''^ Nikaido/’ and Riegler.’^ 

The methods first proposed by Vtiubel,^ and based on the use of 
benzidine, have attracted attention. W. ,A. Muller ^ has found that 
fixed sulphuric acid can be quantitative!), precipitated by benzidine 
hydrochloride when the^-Jattcr is present in sufficiciit excess, and that 
such excess can be directly determined by titration with alkali. This 
is due to benzidine being such a very wea-k base, that the hydrochloride 
is sufficiently dissociated hydrolytically in solution to behave like free 
hydrochloric acid towards phcnoiphthalein. The decomposition corre- 
sponds to the equation : — 

R,SO, + .N. . 2HCI = 2RCI + CioHioN, . H^SO.. 

Raschig^^ has modified Muller’s method as follows. Forty 
benzidine is ground up with 40 c.c. of water, washed with about 
750 c.c. of water into a litre flask, 50 c.c. of concentrated hydrochloric 
acid added, and then v/ater to the graduation mark. On shaking, 
the whole or the greater part dissolves to a brown j?olution, \vhich 
is filtered if necessary, and then diluted to twenty times its 
volujne. One hundred and fifty c.c. of this weak solution is 
used to precipitate o-i g. sulphuric acid. ^ The sulphate solution 
to be examined is allowed to flow, with continual stirring, into 
the .benzidine solution, and the benzidine sulphate which rapidly 
separates is filtered off at ^he pump. A 200 c.c. funnel, fitted with 
a Witt’s filter jdate, is used -for the filtration. The plate, which is of 
4Q mm. upper nliameter, is covered by two^ moisteqed filter papers 

^ C\m. Centr.^ 1898, I., 218. , 793. 

^ Z. anal. Oirw.,' *910, 49, 84 ; J. Soc, Chem, Ind,^ 1910, 29, 455. 

‘ Ibid.^ 490 ; J. Soc. Chem. Ind.^ 1910, 29, 902. 

Chem. News, 1880, 41^ 114 ; Ber.^ i 83 o, 13, 824, 

J.^Amer. Chem. Soc., 1 902, 24, 774. 

® Ibid., 1896, 31;, 821. 

Z, angew. Chem., 1903, 16, 617 and 818. 


’ Z. anal. Chem., 1902, 41, 17. 
9 Ber., 1 ^ 03 , 35^1587. 
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of 46 mm. diameter, the extending edges of which are, after applying 
the suction, pressed by meai]s of a sharp-angled glass rod to form a 
circular pad, find so make the filter perfectly tight. Any precipitate 
adhering to the walls of the beaker or other vessel used for tfie 
precipitation is washed off with a portion of the' dear filtrate, 
and as the last drop of mothe^j liquor drains off from the filter, the 
, precipitate is washed twice successively with fr9m 5 to ig c.c. of water. 
By thus washing with a/miiV»mum quantity of water, the objection 
raised by W. A. Muller and others to th^ method on the ground of 
the solubility of benzidine sulphal*e in# the wash-water ^is^ overcome, 
Tl*e funnel is removed from the filter-flask, placed on a watclf^Tass 
of 50 to 60 mm. diameter, inverted, the filter-pla*te and precipitate trans- 
fe?li'vl^to the watch-glass by the aid of a glass rod, the filter-plate 
‘ removed, the filter pressed together in the fingers and dropped into 
an Itrlenmcyer flask of 250 c.c. capacity and 30 mm. wide at the neck. 
The watch-glass ayd funnel are washed with not more than 25 c.c. 
of w^-iter, and the washings ‘added to the contents of the flask, which 
is then closed with^a rubber, stopper and well sj?aken until there results 
a uniform magma of precipitate and disintegrated filter paper quite 
free from small lum^s of b(inzidine sulphate. The mixture is then 
warmed to 50°, afld after addition of phenolphthalein titrated with A'/io 
sodium hydr-oxkle solution, finally heiiting to boiling to remove from 
the solution all carbon dioxide, s'ince it affects the indicator. An 
accidental excess of alkali solution may be titrated back with normal 
acid. Thi^', .::cthod is applicable to the estimation of sulphuric acid 
present either in the free state or as copper or ferrous sulphate ; it 
is n-it directly applicable to ferric sulphate, as in this case the iron 
must be precipitated as described on pp. 367-368. The method is also 
inapplicable in many other cases, for example in the presence of 
certain organic, compounds. 

Tl^'^ benzidine method muy, moreover, be used even in the presence 
of iron when not mora than i atom of sulphur is present per atqjn of 
iron, provided that*(as fy'st recomrnenfled by M. Schlotter) ferric salts 
are first reduced to tiTe ferrous state. For this purpose, Raschig^ 
employs a dilute solution o^ hydroxylamine hydrochloride, and gfves.the 
following details for the determination cX sulphur in pyrites by this 
method. Exactly 0-8 g. of the finely* divkled sample is ^weighed into 
* a 200 c.c. conical, flask, 5 f.c. of fuming nkric acid add»d, ancT the fla^k 
with a small funnel in the neck heated on the water-baB^ After half 
an ho'u», 30 c.c. of water is added, tfie whole of tl^ contenfs rinsed 
into a #00 c.c. flask, made up to the mark and well shaken. Twenty 
c.c. of this solution is then placed fti a 6oo\C|C. beaker, 10 c.c. of a 
j per cent, solution of hydroxylamine hydrochloride added, ?ind 500 

• • ^ A • 

' Z. angew.Chem., 1905 , 18 , 331 \ I9"6» 19 , 331. 
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c.c. of .benzidine hydrochloHde solution prepared as above. The 
precipitation and subsequent treatment ,of the benzidine sulphate is 
then carried out as described. The filtrate from the sulphate should 
atways be tested with barium chloride, to make sure that sufficient 
benzidine solution has been used for complete precipitation. 

For further investigations on this inethod, see also von Knorre.^ 

3. Arsenic^ — The estimation of arsenic in pyrites is somewhat . 
laborious, and is consequently not carrier! oiit in works as frequently as 
its importance would dcmavl. The arsenic in pyrites not only finds its 
way into the vitriol, but also i^ato the hydrochloric acid prepared there- 
from, -ctnd may, in this and in many other cases, prove very harmful. 
The methods employed for its determination unfortunately lead to 
widely differing results. . ^ “ 

According to the method devised by Reich, as modified by M'Cay,® 

O' 5 g. pyrites is treated with strong lyitric acid in a porcelain crucible, 
the free acid evaporated without taking the mixture to dryness, 4 g. of 
sodium carbonate added, and the whole taken to dryness on the /jind- 
bath, after which 4 g. o^ potassium nUrate is added, and the mixture 
heated to gentle fusion for ten minutek. The melt is extracted with 
hot water, filtered, and the filtrate, after acidifying with a little nitric acid, 
heated for .some time to remove all carbon dioxide, ahd after addition 
of silver nitrate, cautiously neutralised with dilute ammonia. The 
precipitate, which contains all the airsenic as silver arsenate, is dissolved 
in dilute nitric acid, and either the silver estimated by titration with 
ammonium thiocyanate according to Volhard’s mo 4 kid, or the 
.solution evaporated in a platinum dish and the residue weighed." 
One part Ag^AsO,! =0-1621 As. 

Other methods give results which differ rather widely from those 
obtained as above. Blattner and Brasseur-*^ quote an instance in which 
different analysts found from 0-19 to 0-57 per cent, of arsenic^ and 
another in which the figures varied from 005 to 0-39 per c^;nt. Records 
of still greater differences may be found in the journals. The two 
authors quoted recommend the' following process : — ■* 

I. Wet treatment. Ten g. of pyrites is added gradually with gentle 
vvarming ta aqua regia, prepared from 125^ c.c. nitric acid of sp. gr. 
1-37, 250 c.c. hydrochloric acid of sp. gr. 1-15 to 1-17, and 100 c.c. water, 
in a litre flask. The bulk of'the ciitric acid is driven off by evaporation 
afj:er addition of. hydrochloric acid; since all the arsenic is present as * 
arsenic acid,hhcrc is said to be no loss through evolution of arsenious 
chloride.' After Jthe addition of 100 c.c. of water, the soh’uon is 

^ Chem. Ind.^ 1905, 28, 2 ; J. ^oc. Chem, I905, 24, I06 ; and Chem. Zeit.^ 1910, 34, 40$ ; 
J, Soc. Chem. Ind.^ 1910, 29, 594. 

Chem. News, 1883, 48, 7 . Chem. J., 1886, 8, 77 ; 1887, Q, 174 ;.l888, 10, 459. 

^ Bull. Soc. Chim., 1897 [3]. 13. 
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cooled and filtered, ammonia is added udtil a slight precipitaU’of ferric* 
hydroxide i 5 formed, sulphurous anhydride passed through the cold 
solution unti? the reduction of the iron to the ferrous state is complete, 
the excess of sulphur dioxide removi^d by warming, and after cooling, 
to 6 o°-7o'', the arsenic precipitated by passing in sulphuretted hydrogen 
for six to seven hours. The solution is allowed to stand for twelve 
hours, and then filtered. ^The precipitate is. washed with water con- 
taining hydrochloric acid .ancf •sulphuretted hydrogen until all the iron 
has been removed^and finally with distille/f water. 

It is then dissolved by digesting the {precipitate and filter, pape^^^ith 
ammonium carbonate, and the solution filtered. This filtrate is rendered 
strongly acid with hydrochloric acid wArmed td 5o'’-7o'', and the arsenic 
pre^ypitated as arsenious sulphide by passing in sulphuretted hydrogen 
' for an hour. The arsenic in ^he precipitate may be determined 
either as magnesium ammoniiAn arsepate or as silver arsenate. In 
the former case •the precipit^e is dissolved in strong ammonia, 
eva^porated to dryness on tHe water-bath, taken up with lo c.c. nitric 
acid, and after a f4irthcr slight Evaporation, r.-ndcred ammoniacal, and 
a small quantity of alcohol addod, followed by magnesia mixture ; after 
standing for twelve, hours,, tEie precipitate is collected on an ash-free 
filter paper, wasTied with a solution oTone part of ammonium chloride 
and one of alc( 5 hol in three of water, dried, and ignited after separation 
from the filter paper. The filter paper is ignited separately after 
addition of a small quantity of ammonium nitrate. One hundred parts 
MgoAs.^O^ ^v..ircspond to 48*28 parts As. 

2. Dry treatment. Two g. of pyrites is thoroughly mixed in a 
plattnum crucible of 30 c.c. capacity with lO to 12 g. of a mixture of 
efqual parts of potassium nitrate and sodium carbonate, and covered 
with a layer of 2 g. of the same mixture. The crucible is then covered 
and 'heated o^er a Bunsen flame 3 cm. high. Wljen the reaction is 
compTcte, th^ mass is allowed to cool, the contents of the crucible 
placed in 70 c.c. of* boiling watgr, and after solution, the whole 
filtered and the rcsiduep\^ashed with boiling water. All the arsenic is 
then in the filtrate as arsenate. The solution is acidised with nitric 
acid, heated to boiling, aWowed to coq], rendered exactly neutral by 
ammonia, and after the addition of one* drop of nitric acid, again 
neutralised until a drop of the solution only produces a Hue tint on red 
litmus paper aftor some 5feconds. Silvcr*nitrate is thtfi added, drop t)y 
drop, until no further precipitation oceprs ; the silver arsenate i^ollccted 
on a filter and washed with cold water until the filtr^e no lotiger gives 
%a turbiiiity with hydro«hloric acid. The sil\^r arsenate is dissolved 
on thTe filter ip very dilute nitric acid, 5 c.c. o*fi k sulphuric acid — nitric 
•acid — iron solution added as indicator, an4 the solution titrated with 
N/io ammonium thiocyanate solution to tTie appearance of a rose 
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'coloratiov. Each i c.c. of the thiocyanate solution corresponds to 
0-0025 g. As. This method is rapid, and the results obtained agree 
very closely with those obtained by the first method, afld also with 
those of Clark^ who employs a, mixture of magnesia and sodium 
hydroxide for' fusing the ore (cf. infra\ 

This second method of Blattner and- Brasseiir is to be preferred to 
the first, in which a loss of arsenic by volatilisation as arsenk)us , 
chloride may occur. ^ 

The same authors have'^ also described a metlpd^ based on the 
pr^jiitation of the arsenic as tt*i-iodide and the subsequent volumetric 
estimation of the latter. r. 

List - heats 2 g. pyrites with 'lO g. sodiunf peroxide in a crucible, as 
described on p. 371. By this treatment all the arsenic is conv>>fte'd 
to arsenic acid, which may be estimatfd as in the method of Blattner ' 
and Brasscur. 

Clark has devised the two following methods for the estimation of 
arsenic in pyrites: — ’ * 

1. Precipitation nicthtyJ About 3 g" of the ground sample is mixed 
with four times its wcight‘of a mixture of equal parts of freshly cal- 
cined magnesia and pure sodium hydroxide previously ground together 
in a porcelain mortar, and the whole heated for about ten minutes in an 
uncovered platinum crucible; the mixture contracts slightly, but docs 
not fuse. The product is extracted with hot water, and the filtrate 
acidified with hydrochloric acid, whereby sulphuretted hydrogen is freely 
evolved. On boiling the nearly colourless .solution thus o^jy^inedj o r a 
few minutes, the arsenic separates as sulphide. After saturation with 
sulphuretted hydrogen to ensure complete precipitation, the prccip’<tate 
is filtered off, washed, the arsenic trisulphide dissolved jn ammonia, and 
the resulting solution evaporated to dryness on the water-bath. The 
residue is dissolved in a small quantity of strong nitric acid and the 
arsenic estimated as magnesium ammonium arsenate, or jy-ecipitated as 
silver, arsenate, and its weight calculated from < the silver found, as 
determined by titration by VolHard^s method, or by cupella'iion accord- 
ing to Richter. 

Thc^^^metliod gives very accurate results, and is applicable even when 
the arsenic is only present irr'vcry small quantity. 

2. Distillaiion method. Abouil 1-7 g. of the finely powdered pyrites 
mixed with six t^imes its weight of the magnesia and sodium hydroxide 
mixture is heated over a Bunsen flame of medium height in an 
uncovered platinuai crucible for one hour, by which time oj^icfation 
should be complete. Jhe contents of tne crucible are transferred 
to a flask, moistenedi ivith water, and dissolved in about 70 c.c. of 

^ 7^. angew. Chem,^ I 904 > ^7 d/27. 

Soc. Chem, Ind„ 1887, 6, 


Ibul, r903, i6, 415. 
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strong hydrochloric acid. It is necessary to heat towards the end, ’ 
until all actibn ceases. Tho flask ^is fitted with a funnel tube which 
dips below tfle surface of the liquid, aiH< it is further connected witl\ a 
small glass cooling-worm, to the end (if which a straight calcium chloride 
tube is attached. A considerable excess of reducing agent, dissolved in 
.strong hydrochloric acid, is the n^»ad mitt ed through the funnel tube. The 
reducing agent employed is cuprous chloride^ which h^rms a readily 
soluble double salt with 5>odiuIn chloride, and reduces quite as readily 
as a ferrous salt. ^ mixture of cuprous a^d ferrous chlorides, obtained 
by dissolving copper in ferric chloricle, also forms an excellent re^lii^ng 
agent. The contents of the flask are then slowly -di.stilled into water 
for an hour, after which a*bout 30 g/ of strong hydrochloric acid is 
acld^si and the distillation continued for a further half-hour. All the 
' arsenic should now be in the rec4.'iver, but it is advisable to check this 
by adding more hydrochloric aefid, changing the receiver, and testing 
the fresh distillate collected. TJie arsenic so recovered may be precipi- 
tated as sulphide and collected on a tared. filter paper, or it may be 
titrated with iodin« in the Usual tnanner. ^ 

The distillation method requires less time than any other, and gives 
equally exact rcsultswsven fgr^small amounts of arsenic. It may also be 
employed with advantage in estimating the arsenic in metallic copper. 

According tb H. Frescnius,i fusion method offers no advantages 
over that of direct distillation in the presence of ferrous chloride, where 
the solution has been treated hot with chlorine or with hydrochloric acid 


and Dotassiuui chlorate. 

The methods for detecting and estimating traces of arsenic arc 
described on pp. 433-448. 

• 4. Copper.~,The following procc.ss is employed at the Duisburg 
copper works, and was first described in thb Alkali ]\lakcrs' Hand- 
book.^ Five g. ^f the pyrites, ground and dried at 400^, are gradually 
dissolved in do c.c. nitric acM of sp. gr. i*2 in an inclined Erlenmcyer 
flask. As soon as tlfe violence of^thc reaction is over, the fla^k is 
warmed ancf evaporatioQ^ailowed to proceed until sulphuric acid vapours 
are given off. The dry residue is dissolved in 50 c.c. hyxlrochloric acid- 
of .sp. gr. 1-19, and after flie addition gf sodium hypophosphite (2 g. 
sodium hypophosphite, NalLPO.,, dissolved in 5 c.c. water) the solution 
is boiled for a time to remove arson ic^ancDto reduce the fcrri^ chloride. 
An excess of strong hydrochloric acid is then added, tltd solution diluted 
with about 300 c.c. of hot^water, sulplguretted hydrogen p3ss^ in, and 
the pre«pitate filtered off and thoroughly washed. A hole if made in 
the filter by means of a glass rod, the preeij^itate washed back into 
the pi'ecipitatipg flask, and the metallic sulphide adhering to tjie filter 
paper as well as the^main bulk of precipitr#te^ brought .into solution by 

* Z. anal. Ckem.y 1888, 27* 3^ ; cf. also, Nahnsen, Chem. Zett.y 1887, II, 692. 
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' treatment with nitric acid ; the solution in the flask is then evaporated 
to dryness on the water-bath, and the residue again taken tip with nitric 
acid and water, neutralised w<th ammonia and dilute sulphuric acid 
added in slight excess. When cold, the solution is filtered to remove 
lead sulphate and other insoluble matter, the flask and the filter being 
washed with water containing sulphuric acid, 3 to 8 c.c. of nitric acid 
of sp. gr. 1-4 added to the filtrate, and the copper deposited electro- 
lytically. From the weight of copper found, o oi per cent, is deducted 
for the simultaneously deposited bismuth and antiru/ony. 

■ i^Nahnsen ^ estimates the copper' in pyrites as follows. The pyrites 
is very finely ground, dried, and 12*5 g, of the dried material is 
covered with 10 c.c. of water and i c.c. of strong sulphuric acid in a 
thin-walled beaker about 17 cm. "deep. The beaker is covercdciwitli 
a porcelain dish and nitric acid of^sp. gr. 1-4 added in successive 
small portions until frothing ceases co occur. The solution is then 
boiled over a fairly large flame; afte/ several minutes the porcelain 
di.sh, which is sufficiently washed by the acid which condenses under- 
neath, is removed and the gradually thickening solution is allowed to 
boil vigorously with constant agitation, until the liquid almost adheres 
to the glass and yellow particles of salt begin to separate. The magma 
is then quickly brought into solution by the addition of warm water. 
With some practice the whole operation may be performed in from 
ten to fifteen minutes. The cold solution is transferred to a 250 c.c. 
flask, made up to the mark and filtered through a dry filter paper. Two 
hundred c.c. ( - 10 g. pyrites) of the solution, which is ntfw free . from 
silica and lead, is treated for some hours with a good current of 
sulphuretted hydrogen, until the precipitate becomes flocculent' and 
the solution appears clear. The solution is then washed by decantation 
through a filter, the precipitate in the beaker being pressed out by means 
of a glass rod during the washing. It is unnecessary to wash copper 
sulphide with sulphuretted hydrogen water when, as in dhis case, the 
sulphuretted hydrogen has been allowed to act*" until the precipitate 
settles well and leaves a clear supernatant liquid. The portion of the 
.precipitate remaining, on the filter is washed back into the main bulk 
with the least possible quantity of hot watet, and concentrated sodium 
sulphide solution added in' such quantity that no sulphur remains 
undissolved after the .solutioh has been brought to, and maintained for 
se^^eral minutes itt; boiling point. After diluting with water and allowing 
to settle^ in sewarm place, the solution, which contains the arsenic and 
antimony, now q'aite free from copper, is filtered, and the iruiphide 
of copper washed with hot water. Traces of iron sulphide, which always 
adhere to the sulphide »6f copper (in two cases this amounted to 0*02 
per cent, on th^ pyrites), are extracted by washing ydth hot water 
^ C/iem. /eiL, 1887, ll, 6q2 ; J. Soc. CAem. ind.^ 1887, 6, 564. 
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acidified with a few drops of hydrochloric acid ; the precipitato is then ' 
washed until •free from chlorine, and the copper estimated as cuprous 
sulphide. * j 

Cadmium and bismuth sulphides^prcsent in the cuprous sulphide, 
are determined by dissolving the precipitate in nitric acid; and treating 
the warm solution for some tkne with ammonium carbonate. The 
resiriting precipitate is weighed as oxide and allowed forv 

Should 25 g. be taken for^analysis instead of 12-5 g., the method, 
^according to the author, is but slightly m/fre troublesome and longer. 
When the pyrites cc^nitains 3 to 5 pCr cent, of copper, 5 g. jof.the s^p.i^ple 
wiil suffice. 

A very complete account of the (fstimatidn of copper in pyrites, 
alid^orc particularly of the “ Cormsh as.say,” has been published by 
‘ Westmoreland,^ and more recenjtly methods have been described by 
Treadwcir*-’ and Dcmorcst.^ * , 

List‘d burns the pyrites in ^ porcelain crucible of special shape, 
extiiftcts with hydrochloric ‘ acid, neutraHses with ammonia, adds 
sulphurous acid, and precipitat(l> the copper .as cuprous thiocyanate ; 
this is oxidised with a mixture of sulphuric and nitric acids to sulphate, 
and the copper detetmincdjjy electrolysis. 

5 . Lead. — Lead remains in the residue in the form of sulphate 
when the pyril^es is treated with aqua regia, as described on p. 367. 
The lead sulphate is extracted from the insoluble residue by warming 
with a concentrated solution of ammonium acetate ; the resulting 
solution is evaporated with addition of a little pure sulphuric acid, and 
the residue finally dried and ignited in a porcelain dish or crucible, 
(jne^part PbSO^ = 06831 Pb. 

* 6. Zinc. — The zinc in pyrites is occasionally determined, according 
to Ilassreidter and Prost, since it is scarcely possible to recover the 
sulphur combj^ied with the zinc. Scbaffner’s meyiod, as described 
undci^ Zinc Klende on p. 383, is not available, owing to the large pre- 
ponderance of iron, anti on this latte^ account a gravimetric method.must 
be cmployccl. One g. af^the pyrites is dissolved in aqua regia, as de- 
scribed on p. 367, the excess of nitric acid evaporated off, and the residue 
taken up with 5 c.c. of strbng hydrochloric acid ; water is then added 
and the solution treated with sulphuretted hydrogen to remove any 
metals yielding sulphides insoluble iil acill solution. Any precipitate 
formed is filtered off, the filtrate freed* from sulph\A‘ettcd hydrogen 
by boiling and oxidised with aqua regia. The oxidise^r solution is 
ti^ated? when cold, with ammonium carbonate, until thc/resulting 
4)recipit!fitc only redissolves very slowly; ammonium acetate is then 
added, the sointion boiled for a short time, and filtered. The basic 

^ y. Soc. Chim. 4 nd.^ l8^6, 5, 49 and 277. f'Jiem, ZeiL, ^9I2, 36, 961. 

^ J. Ind. Eng. Chem., 1913, 5, i’15. Z. angew. Chem.^ I903, 16, 416. 
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ferric apetate so precipitated carries down some of the zinc, and must, 
therefore, be dissolved in hydrochloric apid, and again precipitated as 
described, the operation being ^repeated so long as zinc cah be detected 
in the filtrate. The combinea filtrates are concentrated if necessary, 
and the zinc precipitated in the warm solution by sulphuretted 
hydrogen ; the whole is then allowed -to stand for twenty-four hours, 
the clear liquor decanted, and the zinc sulphide filtered off and washed. 
The precipitate and filter arc treated wiih dilute hydrochloric acid, and 
the resulting solution, after ttoiling till free from sulphuretted hydrogen, 
filtc^red, pnecjpitatcd with sodium ‘carbonate, the ('zinc carbonate well 
washed, dried, and .converted by ignition to ZnO of which one parti- 
0-8033 Zn. For very exact determinations any silica, oxide of iron, and 
alumina precipitated with the zinc ©xide must be estimated and allowed 
for; this, however, is seldom necessary. 

Mayer and Losekann^ have worked out a method for estimating 
the zinc as zinc ammonium phosphate. ■ 

7 . Carbonates of the alkaline earths arc occasionally determmed, 
since when present theyj^cause sulphur to -be retai’jed, owing to the 
formation of the corresponding sulphates. Since their quantity is always 
small, the carbonic acid cannot be dctcrfriiped accurately by loss, and 
consequently a direct method must be used. The carbonic acid is 
liberated by addition of strong acid and absorbed in scnla lime, taking 
care to retain moisture and any acid carried forward ; either the 
apparatus of Fresenius - or that of Classen may be employed for the 
determination. Greater rapidity and accuracy can be attained by 
measuring the volume of evolved gas in the Lunge and Marchlewski 
calcimeter^ (see p. 615). 

8. Carbon. — It is occasionally necessary to estimate the carbon 
present in pyrites, especially in the products sorted out from coal and 
known under the pame of “coal brasses.”''' This is done, according to 
Treadwell and Koch,^ by combustion in 'a porcelain baat, as m the 
ordinary method of organic analysis, employing a 30 cm. layer of copper 
oxide and 25 cm. of lead peroxide to retain the sulphur ; or more 
conveniently cpid in ^shorter time by oxidising with a mixture of 
chromic and sulphuric acids. , For the latter process they follow the 
method of Corleis,^ passing ihe gas liberated in the decomposing flask 
through a 10 »cm. layer of glowing copper oxide, followed by 10 cm. of 
solid chromium irioxide, and after this through two small (J-tubes each 
containing ^c.c. of a solution of chromium trioxide in concentrated 

^ Chem.^Zeil.^ iSSG.'lO, 729. 2 Quanlxtahve Analysis^ 6th edition, vol. 1., p. 34.. 

Cf. Treadwell, Analytical Chemistty, 5th edition, vol. li., jA 380. 

* Z. annew. Chem., 1891,4 729. 

Vv. Wyld, A'aw Ma/enals for the. Manufacture of Sulphuric Acid and the Manufacture of 
Sulphur Dioxide^ 1923,^ p. 122. < ^ ® Z. an^ew, Chem.^ I 9 C' 3 ) 16, fi.'S. 

7 Stahl u. Eisen^ 1894, 14, 587 ; cf. Vol. II., “ Iron.” 
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sulphuric acid. After leaving the U-tubcl the gas is passed through a * 
tube filled wirii glass beads mpistcncd with sulphuric acid, then through 
two of calciuiA chloride tubes, and is finAlly absorbed in two weighed 
tubes filled with soda-lime. The resujts 'obtained in this manner were 
identical with those of the combustion method (26-26 per tent, carbon). 

9. It is necessary in some instances to distinguish between Ordinary 
and magnetic pyrites (Pyrrhotite), Fe7Sj^, movQ especially in the case of 
American ores. To effect .fhis*# the mineral is ground till it will pass 
through a sieve of ajxty meshes to the inch/*(24 per^cm.), but not finer, 
and the powder spi^^ad on a sheet of glazed paper. Xhe ma[rnetic 
py#itcs is then picked out by the aid of a magnet and freed from any 
ordinary pyrites adhering iitcchanically,*by genfly tapping the magnet, 
after ';^hich the armature is fixed to riie magnet and the magnetic ore 
brushed off This operation is /epeated five or six times and the 
sulphur separately estimated in the two portions. 

A scheme for tlui complete an^'dysis of pyrites has been published by 
Vils6rup.^ 

• • J 

• 

IV.^ZlNC Blknde 

1. Total Sulphur. — 0-5 g. of the# very finely ground sample is 
covered with about 20 c.c. of a mixtiye of three parts strong nitric acid 
and one part strong hydrochloric acid, or with hydrochloric acid saturated 
with bromine, allowed to stand covered overnight, evaporated almost to 
dryness, and a few c.c. of hydrochloric acid and 50 c.c. of water added ; 
the solution is filtered hot and precipitated with barium chloride, after 
removal of the iron by ammonia, as described on p. 367, should the iron 
be present in any quantity. 

According to Thiel, the determination of sulphuric acid* in the 
presence of lar^ quantities of zinc always leads to low results, owing to 
the formation* of complex salts on precipitation with barium chloride 
(with equivalent quantities of zinc th^ results are 0-33 per cent, too Ibw). 
This source of error may'h^p avoided if, before the addition of the barium 
chloride, the zinc is exactly precipitated as hydroxide by addition of^ 
ammonia, and the hydroxide subsequentjy dissolved out of the mixed 
precipitate with a slight excess of hydrochloric acid before filtering. 

2. Zinc. — According to the modificcTSchaffner method iTow j^inployed 
at zinc works, ^ 2-5 g. of tlib blende, dried'at 100° ancftinely ground, *is 
treated with 12 c.c. of fumwig nitric acitl in an ErlenmeyerTla^' of 200 
c.<v capaT:ity, first in the cold and then with gentle healiing to (ffsappear- 

ance of flie red fumes, when 20 to 25 c.c. of string nitric acid is added 

• * • 

• * * 

^ Conc,y. Afnei. Chem. Soc.j 1896, l8, 404. 

* Chem. Zeit,^ 15^0, 34, ^50 ; J. Soc. Chem. Ind.^ 1910,^^ 560. 

^ Z. auorg. Chem.^ I903) 36, 85.* * Communicated by V. Hassreidter and E. Frost. 

» 
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^ and the^hole evaporated to dityness on the sand-bath. Five c.c. of hydro- 
chloric acid and a little water are then added and the mi:sfture warmed 
until as much as possible hair dissolved, after which the solution is 
diluted with 50 to 6o c.c. of water, .and the whole heated to 60" to 70'’, 
until only g^angue and separated sulphur remain undissolved. A 
moderate current of sulphuretted hydrogen is next passed into the 
solution and co to 100, c.c. of cold water added, little by little, with 
continuous stirring until the precipitation of fead and cadmium sulphides 
is complete, which may bV recognised ^ by the transparency of the 
buMes as they rise through the sointion. Kxcess^/vc dilution and too 
slow a current of sulphuretted hydrogen should be avoided. Xhc 
solution is filtered and the precipitate washdd with 100 c.c. of sulphur- 
etted hydrogen water, to which 5 c.c. of hydrochloric acid has^be(i:’n 
added, until a drop of the filtrate ceases to give the reaction for zinc with 
ammonium sulphide. The filtrate and washings, which amount in all 
to about 300 c.c., arc boiled to remove the sulphuretted hydrogen, 
the complete removal of which is ascertained by lead acetate paper^and 
the ferrous iron then oxiejised by addition Oif 5 c.c. of, strong nitric acid 
and 10 c.c. of hydrochloric ’acid. After partial cooling the solution is 
poured into a 500 c.c. flask, 100 c.c. of* ammonia of sp. gr. 0-9 to 
0'9I and 10 c.c. of a cold saturated solution of commercial ammonium 
carbonate added, and the whole well shaken and allowed to cool. 

In the meantime an ammoniacal solution of known zinc content 
is prepared, by dis.solving in a 500 c.c. flask chemically pure zinc, 
approximately equal in quantity to the zinc content of the. ore, in 
5 c.c. of nitric acid and 20 c.c. of hydrochloric acid diluted with about 
250 c.c. of water. After solution, 100 c.c. of ammonia and 10 c.c. 
of a saturated solution of ammonium carbonate are tT.dded, the whole 
shaken, and allowed to cool. In the presence of manganese, 10 c.c. of 
hydrogen peroxide is added before the ammonia. When quite. cold, 
both flasks arc filled with water to the graduation mark, ai^d the solution 
prepared from the ore passed through a dry, pleated filter paper. For 
titration, 100 c.c. is pipetted from each solution into a thick-walled 
^lass cylinder or beaker, and each portion diluted with about 200 c.c. 
of water. The standard solution for titration consists of a concentrated 
solution of commercial sodium sulphide cry.stals diluted with 10 to 20 
times its volume of water, so than each c.c. corresponds to 0-005 to o-oio 
g.‘of zinc. The’^dium sulphide solution is allowed to flow alternately 
from two adjacent 50 c.c. burettes into each of the two solutions, at 
first in 2Vr 3 c.c. ut a time, and later in such smaller quantitiesrtib may 
appear necessary ; the splutions are stirred and a drop of each , solution 
placed simultaneously, by means of thin glass rods, on a strip of sensitive 
lead acetate paper. After tf‘n to fifteen seconds have elapsed, the drop.«: 
are washed off by the aid of a small wash-bottle, ahd thn titration with 
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the sulphide solution continued until the ^rops taken from eac^ of the • 
solutions, aft«r an equal lapse of time, give rise to weak but distinctly 
perceptible b»own stains of equal int^nsiti. Should the volume of liquid 
withdrawn for the tests be appreciable, tne operation must be repeateS ; 
in all cases the end-reactions in the two solutions must b6 ilsached at the 
same time and the readings marie to within 0 05 c.c. 

the quantity of pure zinc taken for tl;ie standard solution be 
denoted by a, the number df c.t^of the sodium sulphide solution required 
per 100 c.c. of the standard by and the^humbei^ of c.c. required per 
100 c.c. of the solution of the ore (=»o*5 g. ore) by c, then the percentage 

of^inc in the ore is given by the formula 

• In very exact determinations a ^quantity of ferric chloride, corre- 
sponding to the iron content of thy ore, should be added to the standard 
solution, to compensate for the zinc carried down with the ferric 
hydroxide precipitate. ^ . 

Jhe zinc may also, and -perhaps preferably, be determined by the 
ferrocyanide metlipd (see if Zincj” Vol. II.). The solution, freed from 
other metals, and having thc\ iron precipitated, as for Schaffner’s 
method, is filtered mto a ^00 c.c. flask ; the ferric hydroxide is 
dissolved in acici, reprecipitated, and^'the solution filtered into the 
same fiask. After washing the precipitate free from zinc, the solution 
is made up to the mark and an' aliquot portion neutralised with 
hydrochloric acid, an excess of 5 c.c. of acid added, the bulk made up 
to about 250 c.c. with hot water, and titrated with a solution of potassium 
ferrocyanide solution, till a drop spotted on a 5 per cent, uranium 
aceta.te solution shows the beginning of a brown colour. The 
farrocyanide solution contains about 45 g. of the crystallised salt per 
litre, so that i c.c. is approximately equivalent to o-oi g. of zinc, but 
its v^ilue mu.sUbe fixed by titration of a solution of a known amount 
of pupe zinc pT hydrochloric* acid. 

F. Meyer ^ treats 05 g. of the ore, in an ordinary flask, with lo^ c.c. 
of aqua regia (madeTip of two parts of Hydrochloric to one part of nitric 
acid), starting cold and1;hen warming, evaporate^ off theyxeess of acid.^ 
takes up the residue with ifD c.c. of sulphuric acid (i : 2), and evaporates 
the solution, to precipitate the lead, until danse white fumes are evolved. 
He then allows the solution to cool, v^ilutts with 60 to 3 o c.c. of hot 
water, precipitate;, copper^ cadmium, etc., •by the addition of'^0 c.c. of 
sodium thiosulphate solution (1:8), boils until the solution is nearly 
clearpairl, after filtering from ganguc, lead sulphate^ etc., boiling 
the filtrate with 5 c.c. of ^itric acid until the sulyhur has collected into 
globules, precipitates the 'iron and alifminium t^pfh 30 c.c. of ammonia 
gf sp. gr. 0-92 ; finally, when nearly cold,^ the manganese is thrown 
* ^ Z*angexL'. Chem,^ 1894 , 7, 391 . 
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* down bj* the addition of 20 of bromine water. After standing for 
some time the bromine is expelled by boijing, the solution filtered into 
a^thick-walled beaker, the flalk and filter paper partially washed, the 
contents of the filter dissolved '*in 5 cc. of aqua regia and collected in 
the flask, the'iron, aluminium, and manganese precipitated as before by 
20 c.c. of ammonia solution and 20 c.-:. of bromine water, the filtrate 
added to the preceding and the two made up to 500 c.c. The solution 
is then allowed to stand overnight and titrated with sodium sulphide or 
potassium ferrocyanide, as d.^scribed above. 

XenschMris drawn attention to'the occurrence' of certain siliceous 
zinc ores which obstinately resist the ordinary methods of treatment^ 

When the zinc is determined gravimcLrically, it is necessary, as 
a rule, to separate the zinc from the other metals. The ordinal y 
method consists in precipitating as sul})hide with sulphuretted 
hydrogen in acetic acid solution, or by adding ammonium sulphide. 
In either case great difficulty is experienced in the filtration of the 
sulphide, which readily pas,ses through the filter jiaper. This difficulty 
may be quite overcome if Murmann’s ^>uggC3tion“ of adding a solution 
of mercuric chloride before precipitation be followed ; the mixed pre- 
cipitate of the sulphides of zinc and mcrcary settles in a few minutes, 
and yields a clear solution on filtration. On ignition, the mercuric 
sulphide is completely climinatedj whilst the sulphide' of zinc is con- 
verted into the oxide, even in the absence of a current of oxygen. 
Herting strongly recommends this mode of procedure. He also con- 
firms the observation of Flath,^ to the effect that zinc may be completely 
separated from iron by a double precipitation of the latter with 
ammonia, especially after the addition of ammonium acetate. - 

On the determination of zinc in blendes, see also Ilcrz,'^ Hrunck,^ 
Herting,® and a critical discussion in MeUxll u. Erz, 1920, 17 (viii.), 452. 

3 . Lead. — The metallic sulphides precipitated as afoove (2) are, if 
necessary, digested with a moderately ebneentrated sodium sillphidc 
solUiion, the resulting solution diluted, filtered, afid the insoluble matter 
washed. The residue is dissolved in dilute pitric acid, the solution 

' -filtered and evaporated with excess of sulphuric acid, to obtain the lead 
in the form'of sulphate. One, part PbS04=do-6832 Fb. 

4. Calcium and Magnesium fix sulphur during calcination, and 
must consequently be estimated.*’ Two to 5 g. of the blende is digested 
by warming witii 50 c.c. of diiutc hydrochloric acid (i : 10), the solution 
decanted, and the operation repeated once or twice. The residue is 
washed, Ihc filtrate freed from sulphuretted hydrogen by* bailing, 
oxidised by bromine water, and precipitated with ammonia Dee from 

^ ’A. angew. Chtm,^ 1894, 7, 155. ^ Monaish.y 1898, 19, 404. 

^ Chem, Zett.y I902, 26, 6il. Z. anorg^ Chem. .1901, 26, 90. 

^ Chon. Zeit.^ 1903, 27, 339. ® Mid.^ 987. 
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carbonate. The calcium in the filtrate Jis precipitated in tUc usual 
way by addition of ammonium oxalate, and, after strong ignition, 
weighed as o.^ide ; the magnesium*is cjttermincd by the addition of 
ammonium phosphate to the filtrate fjon! the oxalate. (Cf. ijifra under 
Sulphate.) 

5 . Arsenic, as described abo^^, p. 376. 

, 69 Carbonic Acid may be estimated as described .under Pyrites 

(p. 382). This cstimation.*is of some importance, since blende occa- 
sionally contains spathic iron *01*6 and cala^nine, in addition to calcium 
and magnesium carb-onate. * • . • ^ 

• 7 . Fluorine is determined, according to Frost and Palthaser,^ by 
mixing 5 g. of the blende with powderetl quartz* heating with sulphuric 
acid, ^,pndensing the liberated silicon fluoride in water, filtering off 
’ the separated silica, precipitating t^e hydrofluosilicic acid with potassium 
chloride and alcohol, and weighing on a t^red filter paper. This method 
gives results from 0^6 to 0-8 per (jent. too low. 

Pcin -^ estimates the fluofihe indirectly, f^om the silica separated as 
above. This methed is, however} inexact. 

Bullnheimcr^ obtained the best results by the following modifica- 
tion of the method ^)f Ph'qs^nius.^ An ICrlenmeyer flask of 300 to 
350 c.c. capacity fs fitted with a rubber* stopper, bored in three [places, 
for a thermometer and for inlet- and outlet-tubes respectively. To the last 
is connected a filled with glass wool, and beyond this a Winkler 

cooling worm, which is cooled by immersion in water; a T)rehschmidt 
wash-bottle filled with 80 c.c. of potassium chloride solution is attached 
to the worm. The inlet-tube is intended, as in the Fresenius method, 
fijr avJmission of air, previously dried and purified by sulphuric acid 
afld soda-lime. About 2-5 g. of the blende is intimately mixed with 
from 3 to 5 g. of powdered quartz, and treateef in the flask with 20 g. 
of chromic acic^ and 100 c.c. of concentrated sulphyric acid. Should 
the cliromic acid be not absolutely dry, it must be mixed with the 
sulphuric acid before* adding it tc^ the ore. The flask is quickly 
stoppered, sliaken, and current of air passed through, at first in the 
cold, and subsequently with gradual heating to ^iliout Sa. When the 
evolution of oxygen begins to slacken,^lurthcr heat is ap[)lieJ, until 
the temperature reaches 150" to 160'; so •long as oxygen is coming 
off, the current of air may be disconfinued. The, reaction proceeds 
sometimes quietly, at othef times violentl)^ After thrCb hours’ heating, 
all the silicon fluoride sho.uld have bt^m driven over into itTc receiver, 
and uotlfing more should be evolved from the absorf)tion ffe^k. The 

contents* of this flask are* then emptied out, an vqual volume of alcohol 

• * * 

’ Z. Chetn., igoi, 14, loi. “ Z. anal, 1887, 26, 733T 

Z,ange%t). 9 hem.^ #901 1 r4» • * 

Quaniilalive Analysis^ 6th 'edition (1876), vol. i., 328. 
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" added, tHe mixture allowed h stand for a time, and then titrated with 
iV/io sodium hydroxide solution, using phenolphthalein as indicator. 
The titration must be done r^<pidly, and the reading taktn at the first 
reddening of the indicator. ' ,, 

8. Available Sulphur. — From the total sulphur, estimated as 
directed on p. 383, there must be d(i.iucted : — 

for I part Ph found in No. 3 0-1595 parts S, ‘ ' 

„ I „ CaO „ "4: '0-5712 „ S, 

„ I „ MgO'- 4:0-7943 „ S. 

TfTc quantity of sulphur remaining after these deductions is ^lat 
available for the production of culphuric acid. Any sulphur present as 
heavy spar remains in the insoluble residue from the original extractien. 

CONTROL OF WORKInG CONDITIONS 

The objects to be aimed at in the production^ of sulphurous acid 
are (i) the fullest possible utilisation of the raw material cmployedvand 
(ii) the correct admixture of air. "^’hc former is « controlled by the 
analysis and the appearance of the cinders, and the latter by examina- 
tion of the products of combustion. Anemometers find but little appli- 
cation at this stage, but ma)’ be of great importance during the 
subsequent conversion of sulphurous acid to sulphuric acid. 

I. Burnt Orf. — (Residues after Calcination.) 

Crude or native Sulphur. — An analysis is scarcely necessary, 
since with the small quantity of fixed residue usually present, it is 
apparent to the eye whether combustion has been complete or not. 
Should it be deemed desirable, the residue is examined by ignition in 
a porcelain dish, or by oxidation with aqua regia. 

Gas Residuals. — The residues in this case contain iron oxide and 
frecjuently lime also. The presence of the latter renders a determination 
of the total sulphur of little value ; the a\ ailablc sulphur must be 
-estimated by4;he metfiod given on p. 364. 

Iron Pyrites. — The sulpRur in pyrites cinders may exist either as 
sulphide or as sulphate. 'In pyrites containing lead or zinc, it is 
impossible to decompose 'completely the sulphates of these metals 
ih the kiln, whil&t with cupriferous pyrites the complete burning-off of 
the sulphiiris not desirable in. view of the subsequent working up of 
the buniV ore foV copper by the “chlorinating roast,” and the' 'burnt 
ore may contain, according to circumstances, from 3 to 5 'per cert, 
of sulphur ; in burnt ere from mixed pyrites there may be even larger 
quantities. Qn the other hand, with pure iron pyrjtes, the sulphur 
may be reduced to i per cent, at all events* in the case of “smalls.” 
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As a rule, only the total sulphur is c|bterminecl in the burnt ore ; 
in the case of* cupreous pyritos the coppei, and less frequently the iron, 
is also determined. / ^ 

Sulphur, The wet method (p. 366/ is seldom emjjloyed for this 
determination, partly because it is more troliblesomc than in the 
case of the ore, and also becau^ rapid dry methods which are avail- 
• ablc*are sufficiently accurate Qyi p. 371). If the cinders are intended 
for use in blast • furnacc^f, states that the dry methods of 

determination should alway^ be used, vdi the wet methods do not 
give the total sulph\^r ; this has been Confirmed by GotUieb 7 ^ Many 
of^hese dry methods are, however, untrustworthy "or not sufficiently 
convenient. * 

T 1 a‘ method proposed by Bockifiann is as follows : — A sample of 
the burnt ore from the kilns is •taken every twelve hours, each kiln 
being provided with two sample boxvs, one large and one small, 
numbered to correspond to th(i‘kiln. 'I'he samples are in thp first 
inst'Ance collected in the smaller receivers ayd brought in these to the 
laboratory, where •they ar 5 transferred to the corresponding larger 
boxes. At the end of the week’s working^a good average sam[)lc is 
drawn from the Jatttr, brok(?n down in an iron mortar, the coarsely 
ground sample so obtained divided b;# quartering on a' piece of stout 
paper, and one ^)f the quarters finel\; ground and sieved. The ground 
samples are filled into bottles, also numbered to correspond to the kilns. 
Finally, several grams of each sample are ground in successive small 
portions in an agate mortar until no grittiness is felt on rubbing between 
the fingers. 

Fr)r the sulphur determination 1-5 to 2 g. of the very finely ground 
inaterial is weighed off, and mixed with about 25 g. of a mixture of six 
parts sodium carbonate and one part potassiuih chlorate ; this mixing 
is done in a large platinum dish, by the aid of an agalie pestle fixed to a 
wooden handle. The mixture is then fused over the blowpipe. The 
melt is allowed to cqoftill only just >i'arjn, then covered with hot writer, 
heated to boiling, ancUM3^^th the solution and the insoluble residue 
washed into a 250 c.c. fiask. The contents arc cooled, rrwade up to the 
250 c.c. mark, and J of the solution fiUcred through a pleated filter 
paper into a 200 c.c. flask. The insoluble 'portion of the melt (oxides 
, of iron, copper, etc.) only occupies a small volume, a^id it is umiccessary 
to make any correction fo*r this. The solTition is acidffied with hydro- 
chloric acid and the sulphuric acid ^^.stimated in the usCTal manner. 
Bc^Kmahn also suggests the use of this method for fhe denomination 
of sul^hTir in pyrites, taksjig in that c^se 0-5 g. j)f the sample. 

The method devised by Watson'^ is much more rapid than.that of 

^ 29, 362. 1905, 29, 688. 

3 /, Soc^ Chem, Ind.^ i888, 305. 
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' Bockm^nn, but it is unsatisi^ictory in its original form, owing to the 
difficulty of preventing the |.very finely rdivided oxide of iron from 
passing through the filter and'^fthereby interfering with the end-reaction 
of the titration. Lunge ^ has modified the process so as to overcome 
this difficulty, whereby the method has been rendered convenient and 
rapid, and accurate to within 0-2 percent. The Watson-Lunge method 
is as follows 

Exactly 2 g. of sodium bicarbenate^ of known alkalinity is 
intimately mixed by means of a flattened glass rod with 3-2 g. of the 
ground cinders in a nickel crucible of 20 to 30 c.c. rapacity ; the mixture 
is heated for ten minutes over a small gas flame the tip of which Just 
touches the bottom of the crihcible. Th6 crucible must be covered 
during this preliminary heating, and the contents must not be dis- 
turbed during this period lest some of the material be carried away by 
the gas evolved. Finally the heating is continued for fifteen minutes 
over a larger flame ; the mixture Is stirred frequently during this 
period, and the temperature must not be allowed to rise sufficiently'high 
to cause fusion. 1 

To prevent absorption -af .sulphur from the combustion products of 
the gas, it is best to support the crucible in a hoh cut in an obliquely 
placed asbestos card, as shown in Fig. 173, p. 332, or in a fused silica 
plate. The arrangement proposed by D. Pfeiffer - is pel haps preferable. 
By the action of atmospheric oxygen the sulphur is converted into 
sulphate at the cost of a corresponding quantity of the bicarbonate. 
The contents of the crucible are emptied into a porcelain dish, the 
crucible washed out with water and the solution boiled for ten minutes 
with the addition of a saturated solution of sodium chloride ; without 
this addition it is difficult to prevent some oxide of iron^ passing through 
the filter paper at a later stage. The insoluble residue is then filtered 
off and washed imtil free from alkali, the filtrate roolcd, and the 
unchanged sodium carbonate titrated with normal hydrochloric acid 
(of 'which 1 c.c. — 00530 g. Na,Cp., corresponaing to 0-01603 g. S), 
using methyl orange as indicator. If 2 g. bioju'bonate require a c.c. of 
^ normal acid jpid the ifinal solution requires b c.c., then the percentage 

r I . — 

content ot sulpluir = ^ ^ 

The method is,, not applicable to pyrites containing much zinc 
(cf. p. 393), nor t(J zinc-free cfiulers which contain 6 per cent, or more of 
sulphur. For the latter the following mixtore must be substituted for 
that giv^i above, dn order to ensure complete oxidation and at the’sume 
time to guard against fusion:^ — 1*603 g- of the sample, 2-o g? sodium 
bicarbonate, 4 g. potassium chlorate, and 2 to 3 g. ferric oxide, free from 

^ Z. angeiv. Chem., 189?, 5, 447. 2 Chem. Z»ii.y 19^4, 28, 38. 

■' Lunge, Z. angew. Chern.y 1906, T9, 27. 



sulphur. The determination is otherwise conducted as abjwe; the* 
sulphur percentage ~ a — b. ^ / 

The sodium chloride employed knus'fhc quite pure, that is, not only 
react perfectly neutral, but also be ijcJ from calcium and magnesium 
chlorides, which, if present, would naturally fix a corresj:fortding quantity 
of sodium bicarbonate. # 

Conner^ heats i g. of the finely pounded /sample, iq a combustion 
boat, in a silica, tube at joo6# and passes a current of air, free from 
carbon dioxide, t^irough the •tube. The vvhole of ‘the sulphur is burnt 
out, and the oxides, formed arc absorbed in N/io sodium, hydroxide, 
the excess of which Vs determined after the combustion is ovfr (about 
fifteen minutes) by titraticfli with A^/icf acid ancl phenolphthalein. 

L^t and Moore apply the sodium peroxide method (p. 371) to 
burnt ore. , 

The following process is employed^ in one of the largest French 
works for the regu 4 ar daily cont4-ol of the calcination ; it enables a large 
number of sulphur tests in burnt ore to be^carried out simultaneously, 
and the results are obtained }n a comparatively short time. The 
method depends upon the fact that at a re>k’ heat hydrogen will decom- 
pose all sulphur conipound/? «of iron with the formation of sulphuretted 
hydrogen. The sulphuretted hydrogen so liberated is passed into a 
standard solutiijn of silver nitrate, and is estimated by titrating back 
the excess of this reagent according to Volhard’s method (p. 74). The 
test is carried out as follows : — Several porcelain tubes, closed at both 
ends by non -vulcanised rubber stoppers carrying glass tubes, are 
arranged in a furnace heated by a six-fiamed Bunsen burner. The 
glass tubes arc connected at the inlet end with a hydrogen generator 
by means of a corresponding number of lengths of rubber tubing 
furni.shed with screw clips; the outlet pieces arc connected with 
vertically bem^ tubes which dip into small test-glasses. The hydrogen 
used*must be freed from ar^ accompanying sulphuretted hydrogen by 
washing with silver liitrate solution. Each set is numbered, aiu .1 the 
porcelain tubes, stopp^YS^ inlet- and outlet-tubes and test-glasses are 
marked to correspond. , ^ 

A preliminary test is ffrst made to ej^isure that no prccipitatt^ results 
when the hydrogen is passed into the silver nitrate solution in the test- 
glas.ses. When this has been ascerfainefd, exact^ i g. of the finely 
ground cinders 'is weiglfed into a numbered porcekwn boat^the beat 
pushed to the marked position in Uie porcelain tube by»mcans of a 
glass rbd, and 25 c.c. of silver nitrate solution (c(»ntainii^' 10*604 g. 
'‘AgNO^, corresponding, to 3*65 g. NaCl per Ijtre) placed in each test- 
glass*. When, all the weighed samples arc position a current of 
•hydrogen is p^sed through the tubes an^l regulated, by means of the 
’ J. Ind. Eng, Chem.y IQIST 5 * 399 * ^ A 1916, 8, 26. 
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< screw clips to two to three (nubbles per minute. After ten minutes 
when all the air has been e^ixpelled, tliQ furnace is heated, at first 
gently, and then gradually rai^pd t (3 a red heat. After one and a half 
hours’ heating, the eliminatiolr. qf the sulphur is complete. This is 
shown by no further cloudiness appearing in the silver nitrate solution, 
and by the improved and satisfactory^ settling out of the black pre- 
cipitate of silver sulphide. The gas supply to the furnace is then 
gradually reduced, and the hydrogen ourrert interrupted. The te.st- 
glasses are removed in turn, and withoitt filtering 'off the precipitate, 
I c.c. of iron j'ndicator (2-5 g. ferric 'nitrate dissol^^ea in 100 c.c. nitric 
acid of sp. gr. 1-38) is added, and the solution immediately titrated 
with ammonium thiocyanate .solution to permanent redness. The 
thiocyanate solution contains 4752 g. per litre, and ^Jioulcl 
correspond exactly with the silver nitrate solution. If the number 
of c.c. of ammonium thiocyanate required be denoted by then 
the percentage of sulphur in the pyrites cinders is given by the 

expre.ssion - 

Copper is c.stimated in dje Duisburg works as described on p. 379, 
except that only i g. of the sample is employed, and solution effected by 
hydrochloric acid, to which a fev; drops of nitric acid have been added. 
Further, no deduction for bismuth and antimony is hiade from the 
weight of copper obtained by electro-deposition.^ 

List - ignites 5 g. of the cinders with 5 g. of sodium bicarbonate in 
an iron crucible, a treatment which renders the iron oxide readily 
soluble in strong hydrochloric acid. The copper in the solution thus 
obtained is estimated as described under pyrites (p. 379). 

Iron, 0 5 g. of the burnt ore is taken, and the iron brought into 
solution by prolonged v/arming with strong hydrochloric acid ; the 
boiling .solution is .then reduced by zinc free from iron, or, more con- 
veniently, by stannous chloride, any excess’ of which is removed by the 
addition of a small quantity of mercuric chloride, ’ The ferrous chloride 
.solution so obtained is titrated with N\\p '.potassium dichromate 
^solution, usings ferricyanide as indicator, or is poured into 500 c.c. of 
water, to which has been added 20 c.c. of a solution containing, in a 
litre, 100 g. of manganous sulphate, 500 c.c. of 1:3 phosphoric acid, 
and 200 c.c. of concentrated suliJhiiric acid, and which has then been 
coloured pink byt^ne or two drops of potassium permanganate solution. 
The iron (X/Utent is arrived at by titration with N\io potassium 
permangaYikte solution, of which each i c.c. equals 0*0056 g. Fe, 

0*5 g. of burnt ore, i*i2 per cent, of iron. i 

Zinc Blende. — Experiments by Lunge have shown th?.t the Watson- 

'• ’ Cf. FresepL'b*^. Chem.^ 1877, 16, 338. 

^ Z. angew. Chem.y 1903, i6, 416. 
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Lunge method (p. 389) for the determin;ition of sulphur in byrnt ore • 
is not appli(?able to roasted blende ; Aibsequent investigations by 
Lunge and ^tierlin ^ have, howeverf pra/ed that the oxidation can be 
satisfactorily effected by the additign /of potassium chlorate to tlie 
sodium bicarbonate. 3-206 g. of the finely powdered and {fieved sample 
is mixed with 2 g. of sodium b*#:arbonatc and 2 g. of finely powdered 
• potassium chlorate and heated for thirty minvites in a uickel crucible 
over a flame 3 to ^ cm. high, tlie tip of which is 2 to 3 cm. from the 
bottom of the crucmle ; after ?Iiis interval Jthe heafing is continued for 
a further twenty minutes with a bigger •flame, so that tl\e .bottom of 
th(» crucible is reached by the tip, and finally for ten minutes more with 
a still stronger flame, so that the bottom of t'he crucible is red hot, 
but without fusing the contents. The mass is then extracted and 
' titrated as described under the W^^tson-Lunge method (p. 389). The 
method can also be applied to fmburnt^ (green) zinc blende, if 2 g. of 
sulphur-free oxide •of iron be added to the above mixture for the 
dOcAmposition. 

As an alternative the ?;ulph'Jr may be estimated gravimetrically, 
following the method described under >ttw blende (p. 383). The 
precipitation of the iron by ammonia may be omitted in the ordinary 
routine testing at works. f 

Nitchie- pla<!es i g. of the sample in a combustion boat, and heats 
it electrically in a silica tube to 1000° in a stream of air free from 
carbon dioxide, absorbing the sulphur oxides so produced in a measured 
volume of N/io sodium hydroxide solution suitably diluted. When 
no more zinc fume is seen (usually after about six minutes’ heating) 
the excess soda is titrated with N/io acid and phenolphthalein. To 
tfle sulphur det^mined in this way must be added sulphur equivalent 
to the lime in the sample, if the total sulphur is required. 

A* rough gujde to the progress of the calcination qonsists in treating 
the calcined ore in a flask v^ith 10 c.c. of hydrochloric acid (1:2) and 
testing the evolved g?ls with neutraj or slightly alkaline lead ac«tate 
paper; the extent of^ihe calcination is judged by the degree of 
darkening obtained.^ This test is employed by the foreman in the , 
furnace room. * ■ # . ^ 

Ztfic is estimated as on p. 383. 

• • • 

II. Examination of the Kiln Ga.ses. 

This*cxamination extended formerly only to the* determination T>f 
the pejrc^ntage volume of. sulphur diojeide in tlw gases, and was usually 

• » • 

^ Z. angnv. Chem.y 1906, 19, 21. • 

J. Ini<k Eng. f hem., 1912, 4, 30 ; J. Soc, Chfm.Jfttd., 1912, 133. 

® Meyer, Z. angeiv, Cftem,, 1894, 7392. 
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carried put according to Rejch’s method/ the apparatus recommended 
by Lunge being as a rule eixployed (cf. infra). It has, however, been 
proved that the kiln gases a^^vay:. contain sulphuric anliydride, which 
may either be useful, as in the in an u fact Lire of sulphuric acid, or 
harmful, as in the preparation of sulphite liquor for use in the wood- 
pulp industry. The quantity of sulplrir trioxide present may reach lo 
per cent, of tl\e sulphur, content of the gas, and as it is not estimated, 
in Reich’s method of testing, the conclnsioiis drawn^as to the proper- 
ties of the gas from the determination -of the suljjhur dioxide alone, 
may be quite erroneous, as has been shown by h\ Tischcr '^ from other 
considerations. . a, 

Lunge consequently recommends the estimation of the total acidity 
in the gases, that is, SOo-fSO.j, by passing them through a sol^dion of 
sodium hydroxide, coloured by phen.olphthalcin, until the colour dis- 
appears, instead of merely passing them through iodine solution. Other 
indicators are not suitable ; phenolpjithalcin is the only one which 
indicates the simultaneous formation of sodium sulphite and sodium 
sulphate from the mixed gases. Li the manufacture of sulphuric 
acid the Lunge test i.sMvgenerally sufficient for works purposes ; 
Reich’s test may, however, if desired) be employed in addition. 
Roth tests should be carried out in the preparation of sulphite 
liquors, and also when the kiln gases are worked for sulphur 
trioxide and only the residual sulphur dioxide goes into the lead 
chambers. 

Reich’s method for the estimation of Sulphur Dioxide— The 

kiln ga.scs are drawn by means of an aspirator through water to which a 
measured quantity of iodine solution and .some starch solution have 
been added. The end of the reaction is indicated by the disap[)earance 
of the blue colour. The volume per cent, of sulphur dioxide in the 
ga.ses is calculated from the quantity of iodine solution employed and 
the volume of water aspirated, this lattCi being the equivalent of the 
non.xabsorbable portion of the gas. 

Lowe'^ uses an iodide and iodate .solution made by adding 127 g. of 
iodine to 30 g, of sodjum hydroxide dissolved in water and diluting to 
10 litres, A known quantity js used for the absorption, and after the 
passage of a measured volume of the gases the liquid is acidified and 
titrated with thiosulphate. The difference between the amount of 
thij-3uli5hate use^l and that- reejuired by the samcf quantity of the 
original so^.ution corresponds to the sulphur dioxide absorbed. 

T. Reicfi, Dte hnherigen Versuche zur Beseihgiin^ des schiidluhen KmJIusses des 
ranches hei den ftskalischen lJuUenwerken zu Freiberg^ Ficibe’g, 1858.” Special r print from 
Berg und Hutien ZeUung ; cf^ also Winkler, Ynduslrte-Gast^ vol. ii., p. 350 ; and W. Wyld, Baiv 
Materials' for the Manufacture of Sulphuric A ad and the Manufacture of Sulphur Dioxide^ I923j 
p. 471* .. - Dingl.polyl.J.,\^Z^, 2 ^Z, 2 %. v 

3 Z. angetv. Chem.^ 1890, 3, 563. “* /. Sot, (hem. /nd., 1921, 40, 163T. 




Flu. 1S9. 

Tlie bottla A has a capacity ot about ^qq c.c., B a ca[3acity oi 
p *1000 c.c. Aft^ removal of the rubber st 4 )pper d, A Js filled with dis- 
tilled water to about'a quarter of its capacity, and starch solution, sodium 
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' bicarbof>ate, and sufficient ictiine solution to produce a strong blue 
coloration added. The sodimn bicarbonate increases the absorptive 
capacity of the iodine solutions and at the same time overcomes any 
irregularity likely to occur Ih ,^he course of the reaction. The 
bottle B is ffilled almost comoletely with water, and the cork c is 
then fitted in the hole especially made in the gas-main for the purposes 
of the test. 

It is first necessary to test whether the apparatus ’s perfectly tight. 
With this object the spring chp is closGd and the clip i oi)ened ; the 
water should then only flow for a very short time. Should the water 
continueTo flow the apparatus is not air-tight, and the leak must 'be 
located and repaired. ^ 

The rubber tubing and the tube a are then filled with the kihi gas 
to be examined. To effect this the cl’p m is opened and then the clip z 
sufficiently to allow the water to flow siowly out and the gas to enter in 
single bubbles through a and rise to the surface of the liquid. As soon 
as decolorisation takes place the clip t is closed and lo c.c. of A^/fo 
iodine solution is added through the opening d. 

Before starting a test, thbtgas to be examined must first be syphoned 
to the lower end of the tube a, so that the a‘:r contained in the 
vessel A may be at the same pi assure as that obtaining in the subse- 
quent operation. This is done by cautiously opening' the clip z until 
the kiln gas is drawn to the desired point. The clip is then closed 
quickly, the water collected in C thrown away, and the measuring 
cylinder again placed in position. The clip t is then opened with the 
one hand and the flask A shaken with the other until the colour of the 
solution disappears, when the clip is closed and the volume of the water 
collected is read. 

The reaction proceeds according to the equation : — 

T + S0.^ + 2H,0 = 2iri-; ILSO4. 

Consequently the 10 c.c. of icdir.e solucion employed ( = 0-12692 g. I) 
corresponds to 0-03203 g. SO.,, or to 10-93 c.c. of SO., measured at 0° 
' and 769 imp. Assuming that 128 c.c. of w.;iter has been collected in 
any one determination, this ^corresponds to 128 c.c. of non-absorbable 
gas drawn through the iodine^ solution. The total volume of gas 
aspi/ateej. is, therefore, 128+10-93= 138-93^0.0., and the percentage 
volume of SO., — 

u vJ lo.Q-ixiob o 

* * — 'P r- 8 per cent. 

' 38-93 

This,^ calculation is avoided by making use of the following 
table : — 
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Cubic Cenlimutroa 

Volume per cent. 

in Kiln^Gaa. 

i 

if 

Cubic Cjoti metres 

Volume per cent. 
KOo 

iu KihrCas. 

Walof collected. 

• 

Water ^llfictod. 

801 

12 

. '^5-7 

8 

841 

11-5 

134-8 

7*-5* 

88-4 

11 

1145-2 

157-2 

7 

93 ’'2 

10-5 % 

6-5 

98-4 

10 

171-2 

6 

1041 

- 9-5 

187-8 • ’ 

5 '6 

110-5^ 

/ 9 % 

207-8 

5 

117-7 N 

8 / 

t 

» 


^In.this tabic no account is taken of variatif)ns ib temperature and 
Ijaromctric pressure ; should it be desired to correct for these, tlie 
volunvfe read off is reduced to o" ahd 760 mm. by Tables II. to IV. 
(Appendix), and the percentage volume of sulphur dioxide taken from 
the corrected volume by the above tabic. The necessary addition for 
the volume of the ?lbsorbed g.as!s included in the table. 

Reich’s method is not appHcable to gases containing more than 
very small quantities of nitrogAn acids. It cannot, for example, be 
employed in the case of gases* leaving tbc chamber system, since the 
nitrogen acids cgntalned ii> tliese would re-oxidise the hydriodic acid ; 
but Raschigi points out that the ad^^ition of sodium acetate to the 
iodine causes the formation of sodi'im nitrite and acetic acid, and the 
iodine under these circumstances is decolorised solely by the sulphurous 
acid. (A subsequent titration of total free acid allows of the 
approximate determination of the nitrous acid.) 

Reich’s method gives the percentage of sulphur dioxide only during 
^he sliort period of the test. Haller ^ has worked out a method which 
will give the a'^ferage value over any period of time. He aspirates the 
gas (measuring, of course, the volume so aspirated) through a 10 per cent, 
solufmn of sodium hydroxide to which 5 per cent, of its volume of 
glycerin ha^ been added. The addition of glycerin completely 
prevents the oxidj^tion of the suljdiui-ous acid. The sulphurou.T acid 
is then determined by«fteutralising the solution with hydrochloric acid, 
and then adding sufficient excess to ensure that* the liquid at ^the end* 
of the titration shall contain 15 percent, of HCl, and titrating with 
potassium iodate solution.^ A globule jf chloroform is used as an 
indicator; this dissolves the iodine, first liberated, anti is .gradually 
decolorised as tlie addition of iodate converts this fnto iodine mono- 
chloridc^ The last portions of iodi^te must be added veij gradually, 
wfch tlTorough shaking between, or there is a liaT^ility to oversl!t3T5t 

* •» ^ • 

ZAiuf^exv. Chetn.y 1909 , 22 , 1 182 ; /. Soc. Chern. 190 ^^ 8 , 706 . ^ 


- J, Chem, Ind.^ I9I9> 38 , S^T. 
Jainicbon, Amer. J.^Sct.y 1914, 38* 1^6. 


A 
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c the end-point. The iodatei solution is standardised against pure 
iodine ; the equations are :-L 

4l + KI03 + 6I)€l = KCH-5ICI + 3H/); 
and h 

K 103 + 2 H ,&03 + 2HQ - 2 H,S 0 , + KC 1 + IC 1 +II/.). 

Lunge’s method for the estimatioh of Total Acids (SQ.^ + SO^). — 
The above apparatus may be employed. bu,<- the glass inlet-tube to the' 
absorption flask should prdferably be closed at the 
bottom, and* the portion immersed in the solution 
pierced with a’^numbcr of small holes to subdivide the 
str^-am of gas (Fig. 190). The gases are conducted 
through a solution of A^j 10 sodium hydroxide solution 
coloured with pheholphthalein until the colour ""is just 
discharged, the flask being continuously shaken during 
the absorption.' The total acidity is usually calculated 
to sulphur dioxide by means of the fable given above/ 
Berl- adds to the absorbing liquor 10 c.c. of a 
roVo molar solution of Stannous chloride. This prevents 
oxidation of'dic sulphur dioxide, which can be titrated 
by iodine after the total acidity has been determined. 

Errors may ari.se with both methods under certain conditions, owing 
to the presence of arsenious acid,'.vhich accumulates in the absorption 
tube ; they are best guarded against by filtering the gases through 
asbestos. 

Lunge employs the absorption bottle shown in Fig. 190, both for 
this test and for that of Reich. It has a capacity of 410 c.c., and is 
charged with 230 c.c. of water, 10 c.c. of A^/io sodium hydroxide solution, 
and 3 drops of phenolphthalein solution, for the total acidity determina- 
tion. The gas is not aspirated continuously, as described above, but 
intermittently in such fashion that a volume of gas, much smaller 
than the free space in the bottle, is syphoned over, allowed to stand 
over' the solution, shaken for ub^fut half a minute, then a further 
quantity of gas drawn over, and so on. A linger period of shaking is 
'especially necessary towards the end of ^thc absorption, and it is 
advisable to place a white gf*ound below the flask to facilitate the 
observation of the colour change. 

Richjer^ determines sulphur trioxide in furnace gases by condensa- 
tion.’ A tube 6t refractory glass surrounded by an iron jacket is 
connected *dth a vertical absorption tube 30 to 40 cm. long, cha^iged 
vTTiEn^pieces of broken porcelain surmounted by a layer of garnets, plugs 
of glass wool being packed above and below the charge. The tube is 

c ^ For '‘tirther details, cf. Lunge, Z. angew. Chem,^ 1890, 3, 563. 

Chem.^Zeit.^ 1921, d 5 i 693 ; J. Soc. Chem. Ind,^ 1 92 1, 40, 58 jA. 

^ /. angew. Chem.^ 191^, 26, 132 ; J, Soc. C/iehi. Ind.^ 1913 ) 3 ^) 285. 



Fia. 190. 
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surrounded by a freezing mixture, and l|ie iron-jacketed tubo being 
inserted in th« flue of the furnace, a vcr J slow current of the gases is 
drawn through the apparatus, and its quantity measured by means of 
an aspirator. The gas should be passed^ at the rale of about i litre 
twenty-five minutes, and when a sufficient quantity has boen treated, a 
current of pure air, dried by phosphorus/ pentoxide, since concentrated 
Sulpl'Hjric acid yields small quantities of sulphur trioxide to the air, is 
drawn through to remove jfll tr;ices of sulphur dioxide. The contents 
of the condensation tube arc/ then washed out vfith water and t!Te 
sulphuric acid is precipitated as barium svilphate. The condensation of 
the% sulphur trioxide ^iii a sufficiently long 
absorption tube is practicallyiquantitativo, and 
tlfcre i.*;^!!© necessity to use a second itube as 
a precaution. ^ 

In the Thirty-fourth Report »of the In- 
spector for Alkali 4 Works (189%, p. 22), an 
abR-*rption flask is described which gives 
good results even yi the most dil^cult cases, 
such as, for example, the absorption of acid 
fog. It cannot be u^ed for^ ’ijcline solution, 
owing to the presence of rubber, but /it is 
very suitable for the Lunge test, for the 
estimation of hydrochloric acid gas, and in 
many other cases. The apparatus is shown 
in Fig. 19 1 in half the actual size. The 
flask is fitted with a rubber stopper provided 
with an inlet- and exit-tube as shown. The 
fwmer is 8 mm., wide, closed at the bottom, 
and pierced with a number of small holes, . 
through which the gas passes to the double 
bulb, •which is attached by means of a 
rubber stopper. The* upper bulb is filled 
with small cuttings *of rvjbber tubing, which 
are kept in motion by the* .stream of gas, which, is thus^ brought into 
very intimate contact with* the absorbing solution; the lotver bulb is 
open at the bottom. The success of the a^tparatus depends largely on 
the correct dimensions being adhered to, thTis : the lower Q(:)ening of the 
double bulb is 6 mm. in dkimeter, the loww bulb 15 mt«. and tlit Wfj^r 
18 mm. in diameter, and the upper opening through whicb^Ahe inlet- 
tube pas/es 13 mm. wide. The gas passes from the Uulb inti- th?f‘*Sa£i> 
tjirough^everal small holes, and finally leaves ij; through the exit-tube, 
which* is narrgwed below and wideifed abov^Ao ^ cylindrical 

^chamber ; the Ic^wer, narrow portion is filled with the ryi^er rings and 

the upper, wider portion with glass wool. Whfin used for tn^ absorption 

• 
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of acid vapours, the exit-tu|je is moistened with water coloured by 
methyl orange, which serves ' o indicate whether complete absorption is 
being effected in the bottle. - n 

® Lunge ^ has proposed to determine the acidity of kiln gases by 
measuring their speci§c gravity, a method which might be developed 
to give a continuous graphic .record of the operation of the furnace. 
Differences of i per cent, of sulphur dioxide by volume affect the value 
of the specific^gravity in the second decimal place, those of o- 1 per cent 
iu the third decimal place. Such measurements rfiight be made by 
a modification of the Lux gas balance, which, however, as at present 
constrir..ted is not| suitable for use with acid grses, or by the aid of 
F. C. Muller’s^ method of determining the density of gases. The 
“Ados” apparatus for the examination of flue gases might also be 
employed ; this proposal, however, does not appear to have been 
worked out. 

For the e.stimation of very minute amounts of sulphur dioxide in 
air, etc, see Sweeney, Outcault, and Withrow.^ 

III.^pINISIIED ih^OnUCTS 

These comprise, first, soluSons of sulphurous an'hydride in water, 
which, although seldom appearing on the market, arc frequently 
obtained as intermediate produced in many works, as, for example, in 
Hanisch and Schroder’s process for the preparation of liquid sulphurous 
acid ; secondly, liquid anhydrous sulphur dioxide ; thirdly, the “sulphite 
liquor ” of the wood-pulp industry, a solution of calcium or magnesium 
sulphite in aqueous sulphurous acid containing more or less sulphuric 
acid. 

Solutions of Sulphurous Acid.— The determination of free sulphurous 
acid, or of that present as bisulphite, may be made acidimctrically 
by titration with dormal alkali hydroxide solution, bearing in mi^-'id the 
behaviour of the indicator employed. Of the ordmary indicators, litmus 
is quite unsuitable, phenoIphtha-leiU gives the colour change to red when 
the normal .salt, NagSOg, has been formed, ‘whilst with methyl orange 
the. change to yellow corresponds to the formation of the acid 
sulphite NaHSOg. In the '•‘absence of other acids (for example, 
sulphuric acid, which, if present, may be detected by barium chloride 
in hv/F'-'chloric acid .solution) each i c.c. of normal alkali used will thus 
correspond to 0-03203 g. SO^, when phenolphthalein is used as indicator, 
and. u-o(:4o6 g. SO.,, when methyl orange is employed. Should free 
"^urphuric acid or other strong mineral acid be present, the sulphurous 
acid may be determined along with the stronger acid, by titrating two 

^ i.i' ” 

^ Chem.y 1899 , 3 , 567 . ” I/nd., 5 ^ 3 . 

^ r, Ind. Eng. Chem.^ 1917 , 9 , 949 ; J. Soc. Chpn. Ind.\ 1917 , 36 , 1233 . 
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portions, the one with methyl orange, and the second with ^henol- 
phthalein as ifidicator. Less pormal alka^ will be used in the first than 
in the second case, in accordance^ with the behaviour of the two 
indicators towards sulphurous acid, ‘|The difference between the 
number of the c.c. used in the two casei, multiplied by '0-06406, gives 
the quantity of free sulphur di'sxidc ill grams ; the remaining alkali 
corresponds to the free strong mineral acid. 

An alternative^ method* of estimating free sulphurous acid in the 
presence of other tree non-rccfucing acids,^consists^in running the acid 
into iodine solution, observing the ‘precAUtions given on T),..6y. One 
c.c.sA^io iodine solution corresponds to 0*003203 gj SO... Instead of 
iodine, hydrogen peroxide ‘may be us«id, and the excess of peroxide 
determined by N/io solution of potassium permanganate, by which the 
peroxide has originally been standardised^ Air-freed water must 
always be used for dilution in thii 5 method. 

Pure aqueous solutions of SL>lphurous acid may also be tested by 
determining the specific gravity; farther ijiformation on this point 
will be found in W. Wyld, ^laterials for the Manufacture of Sul- 
phuric Acid and the Manufacture of SulpUir Dioxide^ p. 180, The 
following table, published by Giles andy Shearer,'-^ gives the specific 
gravities of solutions containing from 6*99 to 13-09 per cent. SO.,. 



Sjtt'CllK- 

Temp 

Per cent 

—r 

Sjxicilic 

1’omp 

"0. 

Pet cent 


^;iavity. 

C. 

bO.j. 

t'ravity. 

SUj. 


1-0051 

15-5 

0*1)9 

1 -0399 

15*5 

8 08 


1-0102 

15*5 

2-05 

1*0138 

15-5 

8-68 


1 01 18 

15*5 

2-87 

1 -0492 

15-5 

9-80 


1 0201 

I 15*5 

4-01 

1*0511 

15-5 

10-75 


1-0252 • 

15*5 

4*99 

1 *0597 

12*5 

11 -05 


1‘02')7 

15*5 

6*80 

1 0668 

1 11 

13 09 

J 

l-035;3, 

# _ 

15-5 

7*01 

__ 


» 



Liquid sulphur dioxide may be examined in exactly the same way 
as solutions of sulphurojjs acid. Tltc ’contained sulphuric acid may 
sometimes amount to as iftuch as 20 per cent.^ ^ 


Properties of liquid siilpJmrous anhydrife:- 



1 At 0*. 

• At 

1 

At 30 . • 

t 


fc. 

. — ._»# _ 


1*434 

1*391 

1*349 j 


1*5 

2-7 

4-5 ^tmos. ^ 


Spccific giavity . 
Vapour tension . 


One kg. corr^esponds to a gas volume of 342 Titses aLQ° and 7^0 mm. 

^ 1 Craig, y. Soc. Cihm, 1919, 38, 96 T. ^ ^ocr. Chem, 4, 503. 

^ Papier-Ztit.^ 1892, No. ^2. \ 
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Criticali temperature, 1 5 5”*4;, critical pressure, 78*9 atm.; boiling point, 
at 760 mm. pressure, -ii'’; l^aelting point, -76". 

Sulphites. — The normal sulphite and the acid sulphite present in 
sulphites (solid or in solution)|‘m?y be estimated as follows. The total 
sulphurous acid is determined by titration with iodine, and the acid 
sulphite by titration of a second portion with standard alkali and 
phenolphthalem. 

NaliSOo-l-NaOfI = Na.vS6,+ H.,0. 

One c.c. normal sodium l;;)'droxide solution corresponds to 0 03203 g. 
SO2 prcset:^as acid sulphite. 

If the quantity of sulphurous acid present in a solution exceeds- lhat 
necessary to form bisulphite, the solution 'is first titrated with normal 
sodium hydroxide and methyl orange until the red colour changes, 
phenolphthalein is then added, and the titration continued till the 
red coloration appears. Each i c.c. of the alkali required with methyl 
orange corresponds to 0-06406 g. SO^ in the free condition, and each 
further c.c. required for the subsequent titration with phcnolphth^iein 
to 0-06406 g. SO.2 present as NallSO.., or half this quantity = 0-03203 g. 
as “half-free” sulphurous arid, 

Jamieson’s method (see .w/c, p. 39/), may also be used for the 
determination of sulphurous ac^d in solutions of the acid or in sulphites. 

Craig ^ determines sulphurous acid or sulphites by adding 0 5 to 
i-O g. to excess of hydrogen peroxide, acidifying with 10 c.c. of 1 ; 3 
sulphuric acid, cooling the solution, and titrating the excess of hydrogen 
peroxide by permanganate. The strength of the peroxide is, of course, 
determined in the first place by permanganate. 

Sulphite Liquors for the manufacture of Wood-pulp.— The 
following estimations arc necessary : — 

1. Total content of snlpkurons acid. The sulphite solution, which 
usually contains about 50 g. of sulphur dioxide per litre, is preferably 
diluted to twice its volume and the difuted solution allowed to flow 
from a burette into 25 c.c. of an acidified A^/io iodine solution until the 
colour is discharged {cf. p. 67). The voluri?e of the iodine solution 
employed oxidises o 080075 g. SO.,, consequently the volume of sulphite 
liquor used for the titration contains this total amount of free and fixed 
sulphur dioxide. 

2. Content of half -free and of free sulphurous ac{d^\.\\2i\. is, all .sulphur 
dioxide over dud above that required for' the formation of calcium 
sulph^.e ^uid which is present in,, the half-free condition as acid sulphite 

^or* as free sulphur dioxide in solution, in the liquor. The quantity 
present is arrived at by titration with normal sodium hydroxide solution, 
using phenolphthalein as indicator. Each i c.c. alkali used corresponds 
to 0-03203 in the half-free or free state. ^ 

' J, Sy, Chtm. hid.y 1919, 38, 96T. 
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SULPHURIC /kCID MA^IUFACTURE 

s 

RAW MATERIALS 

. • / 

These have already been described i-’inder — (p. 358), S/^ent 
oxide (p. 364), Pyrites (p. 366), ^Zi)ic bknde (p. 383). See also Nitre 
fp. 4fo) and Nitric acid (p. 4S9). • 

CONTROL OF AVORKING CONDITfONS 

In the manufacture of sulphuric acid *by the lead-chani^ju'r 4)roccss, 
inai^ factors have to be taken into account, and a certain relationship 
iTvast exist between these for the rec^uTar aitd satisfactory working of 
the plartt. These factors comprise more especially the temperatures in 
the various parts of the system, thd colour of the gases in the chambers, 
the draughts, the strengths of drip- and hR^ttom-acid, of the Gay-Lussac 
and Glover acids (also the temperature of the last), the cpiantity of 
nitrogen oxides present in tjic aci^ls, the composition of the gases, etc. 

The rules to be*observed in, aud the conclusions to be drawn from, 
these observations arc fully described in Lunge’s SulpJiiiric Acid and 
Alkali} . • • ' ^ 

This section is restricted to a description of such methods of investi- 
gation as are essential to the satisfactory carrying out of the process. 


Examination of the Gases 

It is necessary to differentiate: Inlet y;ases, Chamber gases from 
varioift parts of the system, and Exit gases beyond the Gay-Lussac 
tower. • 

The examination of the inlet gases (kiln ga^cs from the burning of 
pyrite!s or blende) has been described under tli^ preparation of 
sulphurous ackl (p. 393). iTic determination deals solely with the 
estimation of sulphur clioxide and sijpljur trioxide. It is unnecesStiry 
to estimate the oxygen a^^impanying these gases, since it must always, 
in normal working, be in reciprocal relationship to the s*ilphur oxides 
present. ^ 

The examination of the gases in the chambers is generally carried 
out by observing the colour (more particuTarly in tjic hiftd portion of 
the system and at? the exTt), the temperafure as mcaSTired by mean^ 
of thermometers inserted at different pj^ces in the walls of thevi^mbers, 
and the [Pressure, for which purpose the manometers 5 nd anemomeitfiT 
described on p. 167 ct rseq. may be employed, though frequently 
this is only d©ne in a very crude manner renLwng pl^igs or 
Jutes. • • - N 

* ^ Fourth edition, p. 904 et^eg. 
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Generally speaking, a chemical analysis of the chamber gases is not 
made, and under ordinary v^.orking conditions little would be gained 
from such an analysis, owing to thb difficulty of obtaining really average 
samples ; and further, it is jiui)necessary, since the process can be 
perfectly conti oiled by the iinalysis of the inlet and outlet gases. 
Should it be desirable in a special a«d exceptional case to investigate 
the chamber gases, the methods described for the investigation 
the exit gases will be found perfectly satisfactory. For more exact 
determinations, reference should be maUe to the methods employed by 
Lunge Naef.^ ^ 

Th6 exit gases from the Gay-Lussac tower, are in the first piace 
examined for their content in oxygen, which constitutes one of the most 
important factors for the regulation of the process in general*, and tor 
the setting of the damper in the exit flue in particular. In many of the 
foreign works this estimation is looked upon as sufficient, but in 
England, and more recently in Germany, in consequence of the legal 
restrictions imposed, the gases arc also tested for total acidity. • 

I. Oxygen. — The oxygen is estimated' by absQtption, and measur- 
ing the resulting decrease .in volume. The absorption is effected cither 
by means of an alkaline solu.ion of pyrogallol, which, however, requires 
to be frequently renewed, ancKthus involves much time and expense, 
or preferably by thin rods of inoist phosphorus, which allows many 
hundreds of analyses to be carried out in succession. It mu.st, however, 
be remembered that phosphorus is not acted upon by oxygen at 
temperatures below i6^, consequently when the determination has to 
be made in a cold place, the absorption vessel must be slightly warmed 
in any convenient manner. Lunge recommends the use of an alkaline 
solution of sodium hydrosulphite, as suggested by Fra’^zen {rf. p. 2^G)\ in 
preference to cither of the above reagents for the absorption of oxygen. 
Since the water with the absorbents will take up any acid gases present, 
it is necessary to wash the gas by passing it through a solution of 
sodium hydroxide before proceeding with the absorption of the oxygen. 

When, as is usual, it is only necessary. To make several single 
tests in the. course, of the day, the use of a special aspirator is 
unnecessary, as the gas bujette itself suffices for this purpose by 
filling and emptying the burette three or four times in succession from 
the special opening in the gas^ main ; it is then safe to assume that 
‘iTfarf'samplc oFthe gas in the main has beeit collected, and the analysis 
may bocfinoccedcd with. 

^ 3^1 nc practice ^)f making a continuous te.st, in addition to die above, 
is strongly to be recommended ; that is, to draw the gas slowiy during 
the full twentyTour hours into a special vessel, from which the sample 
is taken for analysis. Fonthis purpose any suitable aspirator of wood 
Chem. Ind.^ 1884, 7, 5. 
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or metal may be employed, provided thel acid vapours are pre/riously ' 
removed fromjhe gases. Thc^apparatus f(/r the estimation of the acids, 
to be described later, effects this rctnoval very conveniently. On the 
other hand, more simple appliances mi^y be used, so long as they permft 
at least lo litres of the gas to be drawn off 'and measured in the 
twenty-four hours, this quantity beings essential if a representative 
ftvereP^se sample is required. , * 

A good form of apparatus, ^wised by Strype for the investigajj[^ 
of the exit gases, is dcscribed^and figurec^ in Luifge’s Sulphuric Acid 
and Alkali} The apparatus described by* Davis,*' Lovett,^ a,nd Pringle '* 
do xfot possess any features of special value. ^ 

The estimation of oxygeif is best carf^cd oiit by moist phosphorus in 
an Orsai apparatus (p. 272 et scq.), provided with two absorption tubes, 
the first of which is filled with sexlium hydroxide solution to remove 
the acid ga^s, and the second wfth 
phosphorus. The manipulation is 
e:^^ittly the same as in the ex'amina- 
tion of chimney ga‘»es (p. 2/5). 

Lindemann’s apparatus as modi- 
fied by C. Winkler •'* •(Fig. 1^95) can 
also be employed. The measuring 
tube A is fitted ^bovc with a three- ^ 
way tap, and has a capacity of 100 
C.C., of which 25 c.c. are contained in 
the lower cylindrical portion, which 
is graduated in c.c. B is the 
absor|?tion vessel filled with thin 
rods of phosphoAis, and C the level- 
ling bottle. The manipulation is 
the sa'mc as in tjie Orsat apparatus. 

M. Liebig*s apparatus'’ is ar- 
ranged for use with^ alkaline pyro- • 
gallol ; the gas is a»pir^ted by 
means of a rubber bellows into a 
50 c.c. pipette, and forced ^om this 
through the absorbing solution into a graduated measuring tube. 

2. Examination for Acids. — If only the sulphi;r dioxide is to be 
determined, a measured volume of the exit gas is"*drawn throng 
sodium hydroxide solution, and the /insulting solution, aftet ^?onsider- 
able dilution with water, poured into chlorine or broiTiine water, itiis 

• 'A • 

* * Vol. i.,4lh edition, p*. 975. * " C/iew.Wm’s, 41, 188. 

^ /. Soc, Chem. Ind., 1882, I, 2Io. '* Ihui., 1883, 2, 53. • • 

' Handbook 0/ Technical Gas Analysi'i^^. ^ 

Chem, Tech. Analyse, 2nd edition, 1, p. ipo. 
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solutioij> is then acidified wfth hydrochloric acid, heated to boiling, 
and precipitated with bariunli chloride. Each i g. BaSO^ corresponds 
to 9375 cc. SOo. Reich’s method (p. 394) is inapplicable in this 
case, owing to the disturbin|g action exerted by the nitrous gases 
present. > \ 

For a complete examination! thcrfollowing directions will suffice. 
On the one hand the sum of the sulphur acids is determined, and o» 
the other the sum of the nitrogen acFis, itj-espectivc of the degree of 
oxidation. The folVowing scheme agrec.^ in the main with that adopted 
by the British y\lkali Makers’ Association in 1878 ; improvements have, 
however, been made in some of the analytical dci;ails. 

A small volume of gas is d^awn continuously from the Gay-Lussac 
exits by means of a constant aevpirator, at such a rate that ,at least 
24 cubic feet (o-68 cub. m.) arc collected in the twenty-four hours. The 
volume V drawn off must be measuied with sufficient accuracy, either 
by graduating the aspirator or by means of a gas' meter ; the volume 
is then corrected by Tables II. to IV. (/Vppendix) to 0" and 760 mM., 
and the corrected volume called V. ‘'*To make the comparisons more 
complete, a record is kept of the number of cubic feet of chamber .space 
for each pound of sulphur\^irnt and entering ^thc chambers in the 
twenty-four hours (or kilos shlphur per cubic metre), as calculated 
from the weekly average; further, of the distance from the tower, of 
the point at which the samples arc taken. The gas is drawn through 
four absorption bottles, each of 100 c.c. capacity, and giving a column 
of liquid of at least 75 mm. in depth. The openings of the inlet-tubes 
may not exceed I- mm. diameter, as measured by a standard wire. 
The first three bottles each contain 100 c.c. of normal sodium hydroxide 
solution (free from nitrate and equal to 31 g. Na^O per /litre), the fourth 
100 c.c. of distilled wa 4 ;er. The gases arc examined for — (i) Total 
acidity, measured as sulphur trioxide; (2) Sulphur; (3) Nitrogen in 
the form of acids, both the latter being 'measured in grains per cubic 
foot*, or g. per cubic metre of the gas (reduced to 0° and 760 mm.). 
The operation is conducted as follows : — 

The contents of ^hc four bottles are combined, the bottles washed 
out' wfth a small volume of, water, and the total divided into three 
equal parts, one portion being kept as a reserve. The first portion 
is titrated with normal sulphuric or hydrochloric acid, thus affording a 
of the total acidity, SO.,, Ik^SO^, ' N^O^, dnd nN03. The 
second /jj'^srtion is added gradually to such quantity of a warm 
oL potassium permanganate, rendered strongly acid by means 
of pure sulphuric acid, that a slight excess of permanganate ^mains; 
this excess is finally .sO far neutralised by a few drops* of sulphurous 
acid solutiopf that only a . faint rose tint persists. .^11 the nitrogen 
acids are /low present ap nitric acid, and there is no excess of 
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sulphurous acid in tAe solution. The » nitric acid is estimated by . 
means of fevrous sulphate, employing ’for the purpose a ^solution 
containing ibo g. crystallised feyrous sulphate, and lOO g. pure 
sulphuric acid per litre. To 25 c.c. of this solution contained in a fla«k 
is added a further 20 to 25 c.c. of ^ufe concentrated, sylphuric acid, 
and when the solution is cold the mixture resulting from the above 
jjerrpanganate treatment is poured in. *The flask is closed by a stopper 
furni^ed with two tubes ; tiie first is connected* with a Ktpp’s apparatus 
generating carbon dioxide, th? second luted in waj:cr. The air itT’Ll^e 
apparatus is expelled by the carbon dio^eide, and the contents of the 
fla.sj< heated until the%solution, which at the start is dark-ccfloui«id owing 
to the nitric oxide present, ]ias bccome^of a brigl^t yellow colour. This 
itiay require from a quarter to one hour according to the quantity of 
nitric acid present, and the volume of sulphuric acid added. The 
ferrous salt which remains unoxi^Ii.sed by the nitric acid is titrated back 
by a A^/2 permanganate solution equivalent to 0-004 g* oxygen per i c.c. 
(4« P- 59)- Since the strength of the acid ferrous sulphate elution 
alters somewhat rapidly, It is n#icessary to* compare it each day with 
the permanganate .solution by*tkrating 25 c.c., the quantity taken for 
the test, with permanganate.^ If .i' c.c. of 'Sulphuric acid is used in the 
first titration, / c*.c. of pennanganate i)/titrating back the unoxidised 
ferrous salt, an^l ,cr c.c. of permanganate is equivalent to 25 c.c. of the 
ferrous sulphate solution, the figures fequired are obtained according to 
the following equations ; the measurement of volume (V') being of 
course made in cubic metres or in cubic feet according to the method of 
expression : — 


(i*) acidity expressed in — 

<* 

drams SO;j per raibic nictn* 
, draHis SO3 per cubj^: foot 


o.T2o{ioo - .v) 
V'* 

1.852(100 

V' 


(2) Sulphur in— * 

Grams per cubic metro 

Grains per cubic foot 

(3) Nitrogen \\\— , 

Grams per cubic metre 

, - Grains per cubic foot 


0.008(600 - 6.V - z -h )’) 

- ^ 

0^*1 2 346(600 6.V - z + j) 

. • 

0.007(5 -4') 

V' 

yr.— - 


^ • In place of^ the above method it will^ often suffice to determine 
only the total acidity by titrating with A^/io^odium hydre^i^ide .solution 
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’ and phejnolphthalein, either a^tcording to Lunge’s method, described on 
p. 398, or by employing the ttin-bulb tube described belov\*. 

The maximum escape allowednunder the Alkali Act'‘(i9o6) equals 
4 'grains per cubic foot, equivalent to 9- 15 g. SO.j per cubic metre of 
residual gases, before ?dmixtJ-e with air or smoke ; in Germany the 
limit is 5 g. where pyrites is pburnt, ,and 8 g. in the case of blende, 
all acids being calculated to SO3. ^ • « 

The alkali inspectors have recently ajJop'xed a mixture of i vol. NI2 
aTkhli and 10 vols. netutral hydrogen perdxide for the absorption of the 
acid gases.,. This overcomes the difficulty caused by secondary reactions 
between’ sulphites and nitrites which is liable ta occur ^ when sodyim 
hydroxide solution is used alonfr. 0 

3. Nitric oxide may always be present in the exit gases evqn afte-r 
these have passed through the absorption bottles. Should it be desired 
to estimate this gas, a ten-bulb absorptbn tube (Fig. 193) must be placed 



between the last flask of the scries and the aspirator. The tube is filled 
with 30 c.c. of A72 potassium permanganate solution to which i c.c. of 
sulphuric acid of sp. gr. 1-25 has been added. After the gas has passed 
for twenty-four hours the tube is emptied and washed out. Fifty c.c. of 
ferrous sulphate solution (equivalent to 2^ c.c. permanganate) is added, 
and the decolorised solution titrated back with permanganate solution 
till it again becomes rose-coloured ; the number of c.c. oFpermanganate 
required is called 7 i. The nitric oxide has thus reduced (30 + ?/ — 2.c:) 
c.c. scminormal permanganate ‘solution. This corresponds to : 

N - 0.007(30-1-?/- 2:) 

grams nitrogen per cubic metre of the gas when V' represents the total 
volume, as rcgi.stercd by the^aspilator ; or in grains per cubic foot, 

N _ 'o- 10^03 (30 + ^^- 2z) 

I ' 

A Winkler’s coil, or other suitable apparatus, may be used instead o( 
the above absorpt;ion bulbs. 

To test whether all the nitric oxide has been absorbed, Griessl, 

yr * Carpenter and'if.inder, f. Soc , Chem , Ind ^ 1902, £1, 1490. 
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reagent (a-naphthylailiine and sulphatilic acid), as modified by 
Lunge and liosvay,^ may be employed, Syy allowing air to m^ix with 
the gases lelving the bulb-tube, ,and then examining for higher 
oxides of nitrogen. The reagent will always show a slight reddeniifg 
with such gases even where the absorption has ^>een mado as complete 
as possible, but for most practical purposes such traces may be 
iiegle(;Jed. • 

According to Divers, ^ a, Concentrated alkaline solution of sodium or 
potassium sulphite forms an Excellent medium for the absorption i^f 
nitric oxide in gas analysis. • ^ • 

^on Knorre and ^rndt-*^ mix the gas with hydrpgen and -|)ass the 
mixture very slowly through a Drehs<ihmidt,j^ratinum capillary tube 
(f). 257 y^catcd to bright redness. If tjie gas be passed too quickly or the 
heating be insufficient, some ammonia always results. The reaction is ; 

2NO + 2H^ — + No 

* (4 vols. 4 v8l9. 2 vols.) 

Consequently e^ch volume of ijitric oxide corresponds to a contraction 
of ij volumes. * ‘ 

Von Knorre^ sta 4 ;es that U is more c^^ivenient to absorb the nitric 
oxide in a mixture of 5 volumes of siturated potassium bichromate 
solution and i volume concentrated sulphuric acid than in the 
acidified permanganate solution described above, since the bichromate 
mixture is perfectly stable at ordinary temperatures, and does not 
evolve oxygen when shaken with indifferent gases ; further, the nitric 
oxide is oxidised quantitatively to nitric acid by this mixture. A 
liberation of absorbed nitric oxide to indifferent gases cannot therefore 
(5ccur in this case, as it may when ferrous sulphate is employed. This 
reagent is consequently well adapted for the .removal of nitric oxide 
from • mixtures J 3 f gases, and also for the estimation of larger amounts 
of this gas ; for the estimation of smaller quantities such as occur in 
the above cases, absoriXion in acid permanganate solution and subseqxient 
titration is to be prefer|;^.d. 

4 . Nitrous oxide in chamber or exit gases h^s scarcely ever been 
estimated ujd to the present. The earlipr known method of Winkler,® 
which consists in the removal of the nitrogen acids and oxygen from 
the gases and conversion of the nitrogen compounds in the residue into 
ammonia by passing them together with excess of hydjwgen ovei ^en*ly 
heated palladium asbestos, and that of Lunge,® which is c'^t-ried out 
by first acting upon the gases with concentrated pokassium^hyciionide*. 
solution; and permanganate, shaking the residue with absolute alcohol 

* Z. angew, C/um., 1890, 3, 568. ^ J, Chenft Soc,, 10^9, 75, 82.* 

3 i)Vr., 1890^32, 2136. • CAem. Iti,/., 1901, 2-,, 534, 

Indush le-Gassy vf)l. 2, p. 429. 1881, 14, 2188.^ 
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, and decomposing the gases expelled from the alcohol into nitrogen and 
oxygen’ by means of a glowing palladium wire, do not suffice where the 
quantity of nitrous oxide present ^is so small and is ad’mixed with a 
largely preponderating amount of nitrogen. The process worked out 
by Poliak^ ^ is preferable. (Tlie mixture of (x volumes), 

NO (/ volumes), and N volumes), the total observed volume being V, 
from which all oxygen has previously teen removed by means of rpoist^ 
phosphorus, is' burnt eit'her with hydrogen s r with carbonic oxide in a 
Rrtlischmidt tube. ^^The contraction, V^.,vis noted, oxygen added to the 
residual gas, and the mixturi? agaimburnt in the capillary. Two-thirds 
of the rosulCing contraction is equal to the volume of hydrogen that 
remains after the firstTombusti^^m, and this^subtracted from the volume 
of hydrogen originally added gives the volume of hydrogen used, V*^. 
We thus have : — 


from which : — 


(1) A’+y + ’i -1- V 

(2) .V + 3r/2 V, 

(3) -v+y - V. 


\ 


3Vw«-2V, 
2{v, -V,v) 
V Vw’ 


In the case of combustion wit-h carbon monoxide 'the contraction, 
V^j, and the carbon dioxide formed, V,^, are measured. 

This gives : — 

(1) x-\-y-\-z - V 

(2) y/2 ~ V.- 

(3) 

from which it follows : — 

- .V - Vk - 2V0 
y - 2Vc 
2; V-Vk • 


5. Loss of Sulphur.— Lunge “'has published a formula which allows 
the quantity of sulphur burnt, expressed in 'grams per litre on the exit 
gases, to be calculated from the percentage volume of oxygen present in 
these. The sulphur loss may be calculated by comparing this value with 
the quantity of sulphur acids, present in the exit gases. The tormula is ; 

.T = (20.05 - a)o.oo9637 - —■ 

^ \ yo / 1.00367/ 760 

where x equals the total sulphur burnt, expressed in grams per litre on 


^ Trej^^well, Analytical Ck-emntry^ 5th edition, vol. ii., p. 8o2. See also ingli3,y. Soc. Chem. 
fml., 1904, 23, egr, 7S8 ; 1906, 25, 149 ; 1907, 26, 668. , 

2 Cf. Sulphu-K Acid and Alkali, vol. i., p. 986 ; DtngU pQlyt^ r 677 ) 226, 634. 
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volume ctf oxygen in the exit gas, t its • 
temperature, •and h the pressure. I ^ 

Examination of tve .Works’ Acids * 

I * • 

The strength of the Drip^ from the chambers is observed at 
.freq^i^nt intervals during the day and* their content in nitrous vitriol 
gauged, at least ^by a roi;gh l^st. The latter can, of course, be more 
exactly estimated by means permanganate solution. Tests m ilTe 

bottom-acid arc also made. • * 

• > 

J.^'or collecting th^ “drips” Lunge ^ rccommcn<Js the*use#of small 
cylinders of 20 c.c. capac*4y and coruesponfjiflgly small hydrometers 
fiavin^ a range of about 2o''Tvv., jn place of the customary larger 
cylinder and full-range hydrometers. The smaller cylinders have the 
advantage that the acid is renewed about every ten minutes, and thus 
show any changes .more quickly* ^ 

For a rapid, approximate ‘determination of the (peFcentage 

of nitrogen acids^ of the* dripj. Lunge" recommends the following 
method for testing a set of fout chambers. The test should be per- 
formed at least 004:0, better twice, daily, and for each test a stand 
furnished with eight ordinary test tube.,', each 13 cm. high, is employed. 
The test tubes are each filled to a height of 10 cm. with samples of the 
bottom-acid and of the drip-acid re.spectively, of each of the chambers, 
taken in turn. The strength of each sample is taken at the same time by 
the hydrometer and written on the stand at the bottom of the respective 
tube. Concentrated ferrous sulphate solution, which does not require to 
be ir'ic from ferric salts, is then cautiously added so as to form a layer 
'about I cm. dc«p on the acid in each cylinder. In the presence of very 
minute traces of nitric eicid or of the lower oxides of nitrogen a yellowi.sh 
coloured ring |||csults at the junction of the liquids. In the presence of 
larger amounts of nitrogen tft:id.s the ring is darker, or with still greater 
quantities the whole* of the ferrous sulphate layer assumes a ,deep 
brown to black colbur^^nd may even begin to froth owing to the heat 
evolved driving off the dis.solved nitric oxide from the solution. By an 
inspection of the various*colour.s in their sequence from ‘chamber to * 
chamber, coupled with the strength of tlic <icid from each chamber and 
the colour of the gases in the latter* a t^cry good indication of the 
operation of the* chambiJr process is obtained. The^stimation of .ll^e 
sulphur dioxide in the inlet gases and of the oxygen in the exit gases 
complete the necessary testing. ** . • ' ■ * . 

. Thfj bottom-acid in the first chamber should show no trace of 
nitrous acid. , In the middle chambers the test> should indicate a small 
, , quantity of nijrous acid in the bottopi-acid and a more prcfhounced 

' Su//>/iunc Ack/ “ •’ p. 929. 

• \ 


the exit gas, a the p(^rcentage 
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^quantity in the drips. The bottom-acid in the last chamber should 
give at least a moderate indication, and the drips a Very marked 
reaction. < 

' Should selenium be present the ferrous sulphate test is not so 
easily applied ; ct may,, however, be successfully employed after some 
practice. , 

For the quantitative estimation of the nitrogen acids in vitrio’ the. 
potassium bichromate method was form(;n-ly 'Generally employed, but it 
hSS^ow been replaced by the permanganaVe method, which gives a much 
sharper end-reaction. The details of the permanganate method are 
given un(*ler ‘^Gay-Lussac acid ” (sec below). * , 

It has been suggested that /-he daily piroduction of acid might be 
deduced by measuring the drips . from the chambers. Lungf^ has 
shown, however, that this view is inc.orrect, owing to the drip tables 
acting as contact surfaces. They consequently not only collect the acid 
normally produced at the point of the chamber considered, but also the 
much larger volume of acid condensed locally either by mechanics! 
means or owing to a better admixture of, and accompanying reaction 
in, the chamber gases impinging against the solid wall. 

The yield of chamber acid should be determined, directly by measur- 
ing the acid dip in the chambers, which is done by means of vessels 
communicating with the interior. It is advisable to draw up a table 
for each chamber, so as to see at a glance the volume of acid, in cubic 
feet or litres, corre.sponding to any observed dip. If the specific gravity 
be determined at the same time by means of the hydrometer, the weight 
of acid in the chamber can be calculated. 

Examination of the Glover acid. The strength (140'' to 150" Tw., sp. 
gr. 17 to 175) and temperature arc determined in case the acid is to be 
pumped back at once to the Gay-Lussac tower; also the content in 
nitrous compoiiiKL, should more than traces of these be present. (This 
determination is described on p. 449.) Other tests are carried' out 
exactly as for the nitrous vitriol from the Gay-Lussac tower. 

Examination of the Gay-Lussde acid {Nitrous vitriol). Generally only 
the nitrous acid is determined ; this is not ^present in the vitriol in 
the frefr condition, but is combined to for?n nitrosyl-sulphuric acid 
' S02(0H)(0N0). Nitric acid only occurs in poor nitrous vitriol; it is 
included in the total nitrogen’ found by the nitrometer test. 

r-.NitTous acid W usually estimated by the peimanganate method ; the 
bichroma^ method is to-day seldom employed (cf. supra). The test is 
^p^arried'uut in the manner proposed' by Lunge, ^ who has shown vhat the 
earlier methods employed were inaccurate, owing to the ready, loss of 
nitric oxide and production of nitric acid that took pla.ee before the 

' ^ Z . angew .^ Chem ,.^ 1889, 2, 265, 

- be ),^ 1877, 10, 1075. . 
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reaction with permar^anate was cfifec^ed. A seminormal perman- , 
ganate solution, prepared and standardised as described ([<. 6i), is 
employed. T?he essential p6int to^ be observed is that the nitrous 
vitriol must always be added to the permanganate, and never the 
reverse. The test is carried out by jfllciving the sample tp flow from a 
glass-tap burette into a measured volume of the iV/2 permanganate 
^solution, diluted with five times its volhmc of warm water (30'’ to 40°), 
until t!ie colour just vanishjjs. At the ordinary ‘temperature the reaction 
proceeds too slowly, whilst atnoo high a ternperat/ire or in too coiict^l- 
trated solution hydrated manganesa dioxide separates out ; such separa- 
tion gives trouble, but it does not prevent the titration being sarried to 
a finish, since the dioxide gjes into soh^tion ag^tfi before the completion 
df the titration. The quantity of permanganate taken varies according 
' as the vitriol to be tested contains much or little nitrous acid ; i c.c. per- 
manganate corresponds to 0-009f;02 g. N., 0 .y For chamber acid or other 
similar acid, 5 c.c. of pcrmangjyiate solution at most are taken ; for a 
itnong nitrous vitriol, up to 50 c.c. Should it be desired to ex|Tress the 
nitrogen content otherwis® thanjas the factor 9*502 is substituted 

by 15*75 HNO3 by 29-83 for hi'tric acid of 66"-5 Tw. at 15' C., by 25*30 
for nitric acid of 77 ,Tw., anc^by 21*252 fpr NaNO^ 

The following table (p. 414) save.s' calculation for cases in which 
50 c.c. of permanganate solution is employed. The number of c.c. of 
nitrous vitriol required is given in column j/, the content in g. per litre 
in column and in column b the percentage by weight, assuming the 
acid examined to be of sp.gr. 1*71 (142'’ Tw.). For other strengths of 
acid the percentage by weight is found by dividing the values in column 
a byjten times the specific gravity of the acid. 

• • Riegler^ ha^ proposed to estimate the nitrous acid by the gas-volu- 
metric method, using hydrogen peroxide accoi;ding to the reaction : — 

f 

HNCXilip., IU) + nN 03 • 

and measuring the^ volumes of oxy4^eji evolved by the action oF per- 
manganate on 5 c.c. o^'tlic hydrogen peroxide alone, and on 5 c.c. of 
the peroxide after reaction on a known amoant of the acid to be • 
tested. * .. 

Griitzner- estimates the nitrite by determining by Volhard’s method 

» (p. 74) the chloride produced by interaction with’ cl;loric^cid : — 

• • • ^ 

SHNO^-f HCIO 3 - 3 IINO 3 + HCI. 


1 Z. aiiaL i'hem.y 1897,36, 665, 
^ Arch. Pharm.y^'^, 241. • 
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Taljle for the estimatioi/ of Nitrous Acid in Nitrous Vitriol. 

• I 

Expressed as HNO^, NaNO„ and as nit/'.c acid of 66°-5 and yy^’Tw. at I5"C., when 
50 c.c. NI2 potassium permanganate is taken for the titration, and tlie per- 
centages .bye weight are based V>n sulphuric acid of i42"Tw. as unit. 


Acid 

UNO.. 

1 Na.'ifO.. 

1 Nitric Acid GG 5Tw 

Nitrir Acid Tw. 

lequireii. 

— 


. 




__ 



Jjr-. 

rt. 

h. 

a 

h 

a. ‘ 

b > 

a. 

h. 


G. jicr 

PeTfonl.vgo 

(1 per 

Perce 11 tiii'n 

Li. per 

IVrceiitill’e 

(1. per 

I’erceiita'f'e 

c c. 

Litre. 

by Weij^bt 

Lilre^ 

by Weij^bi. 

Litre. 

by Weiglil. 

Litre 

by Woi^^lit. 

10 

•^78-8' 

4-/U. 

106*3 

6*22 

149*1 

/S 7*J 

127*2 

7*V 

11 

71-6 

4*19^ 

96*6 

5 65 

1 35 *6 

7*93 

115 6 

6*76 

12 

65 '6 

3-84 

V s-6 

5 18 

12t'':{ 

7*27 

106 0 

6*20 , 

1:1 

60-6 

3 5 1 

81 8 

t.78 

11 1*7 

0*70 

97*8 

^ 5*72 

1 1 

56-2 

3*29 

75*9 

4*11 

106*5 

6*23 

90*8 

‘ 5*31 

lo 

52-5 

3*07 

70*9 

4*1 1 ' 

99*1 

5*80 

81*8 

1*96 

Ki 

■19-2 

2*88 

66*4 

3*88 .» 

93*2 

5*45 

79*5 

1 *65 

17 

40*3 

2 71 

02*5 ' 

3*65 

87*7 

5*13 

74*8 

4*37 

18 . 

43 -7 

2*56 

59*0 

3*45 

82*9 

4*85 

70 7 

1*13 

19 

11*5 

2*12 

55*9 

3*27 

/8**5 

4*59 

66*9 

3 91o . 

20 

39 '4 

2*30 

53*1 

3*11 , 

71*^, 

1*36 

63*6 

3 72 

21 

37-5 

2*19 

50 6 

2*96 

71 0 

4*15'' 

60*6 

3*54 

22 

35*8 

2*09 

48*3 

2*82 ' 

67*8 

3 96 

57*8 

3*38 

23 

34*2 

2*00 

46*2 

2*70 

61*8 

3*79 

55*3 

JtO 

24 

32*8 

1*92 

44*3 \ 

2*60 

02*1 

30i‘'* 

53 0 

3*11 

29 

31*5 

1*84 

42*5 

' 2*49 

59*7 

3*49 

50*8 

2*97 

20 

30*3 

1*77 

40*9 

2*39 

57*4 

3 'ip 

18*9 

2 *<86 

27 

29*2 

1*71 

39*1 

i>*;o 


3 25 

" 17*1 

2*75 

28 

28-1 

1 *65 

38*0 

2 *22 

53*3 

3*12 

15*4 

2 66 

29 

27*1 

1*59 

36*7 

2*15 

51*4 

3*01 

43*9 

2*56 

30 

26 *3 

1*51 

35*4 

2*07 

19*7 

2*91 

42 4 

2*48 

31 

25*4 

1*49 

31*3 

2*01 

48*1 

2*81 

41*0 

2*10 

32 

24*6 

1*41 

33*2 

1 94 

46*6 

2*73 

39*7 

2*32 

33 

23*9 

1*10 

32*2 

1*88 

45*2 

2*61 

38 5 

2*25 

34 

23*2 

1 *35 

31*3 

1*84 

43*9 

2 56 

37*4 

2-19 

35 

22*5 

1*32 

30 4 

1*78 

42*6 

2*19 

36*3 

2*13 

36 

21*9 

1 *28 

29 5 

1*73 

41*4 

2*42 

35 3 

2*07 

37 

21*3 

1*24 

28*7 

1*68 

10*3 

2*36 

31 4 

2*01 

38 

20*7 

1*21 

28*0 

1*64 

39*3 

2*30 

33*5 

1*96 

39 

20*2 

1*18 

27*3 

1*60 

38*2 

2*23 

32*6 

1'91 

40 

19*7 

I 1*15 

26*5 

1*55 

3o*3 

2*18 

31 *8 

1>36 

41 

19*2 

1 1*12 

25*8 

1*51 

36*4 

2*13 

',.1*0 

1*81 

42,. 

18*8 

1*10 

25 3 

1*18 

35*5 

2*08 

30*3 

1*77 

43 

18*3 

1*07 

24*7 

]b5 

3 1 *6 

. 2 Or* 

29*5 

1*73 

44 

17*9 

1*05 

21*2 

1*42 

33*9, 

■ ' 1 *98 

28*9 

1*69 

45 

17*5 

1*02 

23*6 

1 *38 

33*1 

1 93 

28*2 

1*65 

46 

17 ;1 ‘ 

1 00 

23*1 

1*35 

32 *4^. 

1 *90 

27*6 

1*62 

47 

16*7 

0*98 

22*6 

1 *32 

31*7 

1*85 

27*0 

1*58 

48 

16*4 

0*96 

22 *-1 

1 *30 

31*1 

1*82 

26*5 

1*55 

49 

16*1 

0*91 

21*7 

1*27 

30*4 

1*78 

25*9 

1*51 

50 

15*8 ' 

0*921 ■ 

21*3 

'l*25 

29*8 

1*71 

25 *4 

1*49 


14*3 

• 0-8-37 

19*3 0 

1*13 

27*1 - 

1*59 1 

23*1 

1*35 

60 

13*1 

0*768 

17*7 

1*04 

2 1 *5 

1*45 

21*2 

1*21 

65 

A2-1 

0*709 

16*1 

0*96 

22*9 

1*31 

19*6 

1*14 

70 

ih*;2 

0;.658 

15*2 

0*89 

21*3 

1*25 

18*2 

a 1*06 

^ 7?i 

10*5 

0*611 

11*17 

0*829 

19*9 

1*16 

16*96 

0*99 

80 

9*85 

0*576 

13*3 

0 778 

18*6 

1*09 

15*9 

0*93 

85 

9*2 

0*542 

, 12*5 

0'-731 

17*5 1 

1*03 

14*9 

0*87 

90 

, 8*7 

0*511 

11*8 

0*692 

16*5 

0*967 

'll*! 

0*825 

95 

8*3 

, 0*485 

11*2 

1 f 0*655 

15*7 1 

0*918 

, 13*4 

0*783 

100 

7*9 

0*461 

10*6 

L — i 

0*620 

14*9 

0*873 

12*7 

0*744 
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^ ' NITROUS VITRIOL 

The estimation of iHie total nitrogen acids present in nitrons vitriol 
is generally eljected in the nitrometer, thcluse of which for this purpose 
has been already described (p* 79 ). .^hould the acid contain, in addition 
to the nitrous acid, appreciable quantities of sulphur dioxide, which can 
readily be detected by the smell, a liltlJ powdered potassjum perman- 
ganate is placed in the cup of the nitrometer ; a large excess of per- 
jnanganate must not be used, since it rtiterferes considerably with the 
reaction. » p 

The observed gas volume Inust be reduced to, o'’ and 760 mTn. b^ 
means of the Tables II. and III. (Appendfx), unless the gas-volumeter 
(iy!„^p. 83 ) be employed; with the latter instrujpent it ’is fj^ipccially 
advisable to use a separate Recomposition vcs‘>v5? 

* The nitrogen compounds arc ciijculatcd from the corrected nitric 
* oxide volumes by means of the following table. The table takes 
account of the various ways of stating results adopted in different 
works, and will be found useful in other than sulphuric acid works, 
(lichimn a gives the values in •milligrams throughout, column /;*the per- 
centage by weight, assuming that 1 c.c. of’acid of 142 ° Tw. has been 
taken for analysis ; for other strengths of acid the values under a must 
be taken as the basi^ for calcylation {cf. \\ 41 3 ). 



♦J. 

.NO. 

• 

N-O,; 

NO. 

a 

h 


h 

.. 

h. 





l’t>rconla''o 

ni'' 

I’rroeiita';*' 

1 

()V)2r)7 

0-03GG 

1-3102 

0 0781 

1 -6975 

0-0993 


1 - 2 :. 11 

0-0732 

2 -6801 

0-1568 

3-3950 

0-1986 


1-8771 

0-1098 

4-0206 

0-2352 

5 0925 

0-2979 

. 4 

2 -5028 ^ 

0-1 IGl 

5-3G0S 

0 3l3t) 

6 7900 

0 3972 

r» 

:}-i8sr, 

0-1830 

G-7010 

0 3920 

8-4875 

0-4965 

G 

3-7542 

0-219G 

8-0112 

1 0 1701» 

i 10-1850 

0 5958 

7 

4-3799 ♦ 

0-2562 ' 

9-3814 ! 

0-5488 

11-8825 

0-6951 

8 ’ 

T) 005 G • 

0-2928 

10-7-216 i 

i 0-6-272 

145-5800 

0-7941 

9* 

5 -031 3* 

0-3294 

•12-0618 

1 0-7056 

! 

1 15-2775 

0-8937 



J'^UNOj ^ 

Nifcru*. Acui 6(-) 5 Tw. ’ 

. NaNO,,. j 

NO. 

a. 

h. 

a. 

*h. 

(t 

h. 


niR 

rrrcpntaRft. 

ID-'. 

IVicoiitayo 

• 


rercciitage. 

1 

2-8144 

• 0-U)46* 

5-333 

*0-312 

* 3 f986 

0-2221-» * 

2 

5-6288 

0-3292 

10-666 

0-(524 

7-5972 

0-4442 

3 

.8-4 n-i 

0-1938. 

15-999 . , 

0-936 

n-3958 

0-6t)63 

4 

1 1 -2576 

0-6584 

21*332 

1 -248 

}>5-19n ^ 

0-8884 

5 

14-07-20 

0-8230 

26-665 

1 -560 

18-9930 

1-1105 

6 , 

•16-8864 

0-987'^ 

31-998 ^ 

1 -872 * 

22-7916 

1-3326 

7 

19-?«08. 

1-1522 

37-331 

2-184 • 

26-5902 

1-5547 

, 8 

22-5152 

1-3168 

42-664 

2-496 *1 

30-3888 

'»l-7768 

9 

25-3296 ♦ 

1-4814 

47-997 

• 2-808 

• 

_ji 

34-1874 

1-9989 
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MANUFACTURE OF SULPHURIC ^ACID 

One hundred parts of nitric acid of 66“-5 Iw. correspond to 71*23 
parts pilre NaNOg, or 74*20 phrts of 96 per cent. Chili saltpetre. 

The other methods described pnder “ Nitrating and Spent Acids" 
(p. 497) may also be used for this determination. 

Ratios of the nitrogen coVipoimds to each other. The following 
formula: may be used to determine the relationships among the 
N2O3, N2O4, and HNO3, present together in sulphuric acid, when the 
results of the permanganate titration and the nitrometer determination 
6r total nitrogen in the form of NO are hnown : — 

rt = c.c. NO, as found in the nitrometer; 

/^ = c.(l. O, calculated from the permanganate titration (i c.c. 0 = 

1- 4278 mg., conWmentl/ i c.c. Njz permanganate = 0-004 = 

2- 8015 c.c. oxygen) ; 

,r = vol. NO, corresponding to N p^'esent as N.^Oj; 
j/=voi. NO, „ Rp’; 

;; = vol. NO, „ „ UNO... 

If 4/>>^/, then : — ^ 

x=e^b — a ; jv = 2 {(I — 2I') or = ^z~.r. 

If 4/'<rt!, then : — ' 

y-=s\b\ z — a — jJ). >, 

That is, if the oxygen is sufficient to allow of all the nitrogen acids being 
present as NoO,p they arc calculated as such; if there is more than 
sufficient oxygen for this the excess is calculated to HNO3, whilst if 
there is less oxygen the deficit is calculated to NP3. In practice, the 
ordinary nitrous vitriol contains no N.p^, on which account it is better 
to calculate the total oxygen deficit (as determined by permanganate) 
to N2O3 or to nitrosyl-sulphuric acid, the rest of the nitrogen being 
calculated to nitric acid. 

FimsHED Product: Sulphuric Acid- 0 

Sulphuric acid appears in connmercp as charnber acid of 106'’ to 
iib^Tw. ; as 140'’ Tw. acid from 'the Glover to'^pr, or after evaporation 
in lead pans; as ordjnary 168° Tw. acid (93 to 95 per cent.); as extra 
concentrated acid (96 to 98 per cent.) ; as commercial monohydrate, and 
as fuming sulphuric acid. The last will be dealt with separately. 

Actual sulphuric acid, generally referred to as monohydratc, H2SO4, 
hac a specific gravity of 1*853 0“ and, according to different observers, 

of 1*8372 to 1*8384 at 15'' compared with water at 4°. The German 
.Standards Commission calculate '"fhe specific gravity of actual mono- 
hydrate as 1*8357 at 1574^ by extrapolation; it should, howeyer, be 
borne in mind that this extraordinarily low value is doubtful, as 
owing to the rejnarkable irregularities that occur in the density curve 
when such high concentrations are reached extrapedation may be very 
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misleading. The maximum specific gravity (1-8415) lies betv^ecn 97 
and 98 per cjjnt. acid, and Jhe density of the monohydrate is thus 
increased by addition of a little water as well as by addition of sul- 
phuric anhydride. The monohydrat9 begins to boil at 290'', and at 
first evolves some SO^, the boiling point rising to at which 

temperature 98 per cent, of HoSO^ and 2 per cent, of H^O arc present.^ 
• Th^^strength of sulphuric acid is generally determined by its specific 
gravity. The earlier tables* in ^use have been found to be altogether, 
unreliable, especially at the higher concentrations, ahd Lunge and Islcr- 
consequently worked out a new table based on fresh observations, using, 
how-'iver, the values p'-'cviously determined by J.-inge and N“*aef'^ for 
acids of over 90 percent, IhSO,. All *unccr 4 ;:h'nty in this connection 
has nov\;been removed by the very exhaustive and painstaking investi- 
gations of Domke, Bein, Fischer, and others, whose work is embodied 
in the reports of the German Standards Commission.'^ This work, 
undertaken in the first place for the establishment of the normals 
fJl' ' percentage hydrometers, has been carried out with such care 
that the results m-ay safely be ‘ looked upon as exact ; the report 
contains in addition a detailed description and criticism of all previous 
work on the subject, ' 

The following tables are taken from this source. (1) The table for the 
estimation of the sp. gr. (i 5 ' C./q" C.) qf pure sulphuric acid and water 
mixtures from the percentage content ; the fifth decimal place, which was 
only determined for purposes of calculation, is omitted, but has been 
used to round off the fourth figure. (2) An extract from the tables for 
reducing to 15 C. the reading found at some other temperature. 'I'hc 
origincil memoir contains many other tables of less importance for the 
p*r^sent purpose ^vhich are not included here. 

In these tables the values are given for progressively increasing 
percentages of i^dphuric acid. The form adopted in the tables prepared 
by Lunge, bascul upon measurements maele in conjunction with Islcr and 
Nacf, is much more useful for vvorks^aqd laboratory purposes. These 
tables are accordingl}%**ii'^cluded ; they have been recalculated to 
the values of the German Standards Commi.^^ion wherever they 
differed by more than o-i per cent. ^ Larger variations ‘ thah this 
scarcely appear below the specific gravity \)f 1-560, but between this 
point and i-68o differences rising up to about 4* per ceiit. occur; the 
causes of these Tiivergebcies have not yet been dfScovered. StHh 
greater djfferences exist ^ at certain ^of the higher concentrations, 
especiall)^ from 96 per cent, onwards, but at these strengths the 
determination of the aci(J content bj^ means of the specific gravity 

^ ('/. W. Wyld, /Ciiw Mati'tnds Jor Ihe Mann fiu lure of Sulphur A cni and the Mahnfuluir of 
Sulphur Dioxide, 1923, 1^- 194- “ 1890, 3, I31. 

3 Chem. Ind., 1883, 6, 37.* » ‘ Abhandlu,}^en, 1904, vol. 5. 

. ’ ^ 2 D 
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is unreliable, and consequently the readings do not come into 

question for practical purposes. Perhaps, the most pronoijinccd variation 
^0'54 per cent.) occurs at 99^ per <fent., and it is interesting to note that 
Koechlin and Gerber have shown that at this extremely high concen- 
tration acids prepared in dinerent ways may, although of the same 
chemical composition, possess different physical properties, a view 
hinted at by Lunge in 1883. A greater degree of accuracy thsfn 
^p'l.^er cent, is not likely to be attained in practice, and this limit 
is more than sulficient for the tables, since the figures given 
are for diemically pure acidnvhich is not found in ordinary practical 
work. It may be that the German Standrrds Commission akvays 
worked to temperature.^ as rcc6rded by th(. hydrogen scale, which at 
gives values o-L lower than those recorded on the mercury sea’s. 


Table for determining the Specific Gravity of Pure Sulphuric 
Acid-water Mixtures from the Percentage Content. 


'6 

6 
.. •rtl 

■0 

•1 

•2 
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a -j 

V C 
i- ^ 
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__ 


— 


— 

— 

— 

0 

0'9991 

0*9998 

1*0005 

1*0012 

1*00!9 

1*0026 1*0033 

1*0040 

1*0017 

1*0054 

1 

1‘0061 

1*0008 

1*0079 

1*0082 

1*0088 

1*0095 1*0102 

1*0109 

1*0116 

TO] 22 

2 

1*0129 

1*0136 

1*0143 

1*0149 

1*01.56 

1*0163 1*0170 

1*0176 

1*0183 

1*0190 

3 

1*0197 

1*0203 

1*0210 

1*0217 

1*0224 

1*0230 1*0237 

1*0244 

1*0251 ■ 

1 *0257 

4 

1*0264 

1*0271 

1 *0277 

1*0284 

1*0291 

1*0298 1*0304 

i*03n 

1*0318 

1*0325 

5 

1*0332 

1*0338 

1*034^ 

1*03.52 

1*0359 

1*0366 1*0373 

1 *0380 

1*0386 

1*0393 

6 

1*0400 

1*0407 

1*0414 

1*0421 

1 *0428 

1*0435 1*0442 

1*0449 

1*0456 

1-0402 

7 

1*0469 

1*0176 

1*0183 

1 *0490 

1*0497 

1*0504 1*0511 

1*0513 

1 *0525 

T0532 

8 

1 *0539 

1*0546 

1*0554 

1*0561 

1 *0568 

1*0575 1*0582 

1*0589 

1 *0596 

T0603 

9 

1*0610 

1*0617 

1*0624 

1*0631 

1*0638 

1*0645 1*065.3 

1*0660 

1*0667 

TU674 

10 

1*0681 

1*0688 

1*0695 

1*0702 

1*0710 

1*0717 1*1^24 

1*0731 

1*0738 

1*0745 

11 

1*0753 

1*0760 

1*0767 

1*0774 

1*0781 

1*0789 1*0796 

1*0803 

1*0810 

T0818 

12 

1*0825 

i *0832 

1*0839 

1*0847 

1*0854 

1*0861 1*0868 

1*0876 

1*0883 

1*0890 

13 

'1*0858 

1*0905 

1*0912 

1*0920 

1*0927 

1*0934 '1*0942 

1*0949 

1*0956 

1*0964 

14 

1*0971 

1*0978 

1*0986 

1 *,0993 

1*1000 

1*1008 1*1015 

1*1023 

1*1030 

T1038 

15 

1*1045 

1*1052 

1*\060 

i*ro67 

»ri075 

1*1082 ' 1*1090 

1*1097 

1*1105 

1*1112 
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Specific Gravity of Sulphuric Acid Soliftions. 

{ Lunge, Isler, and Naef. 
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A tabic giving the relationship between the percentage content and 
the readings of the hydrometer employed in the United States has been 
published by Elliot.^ " ,, “ 

The tables calculated by Richmond ^ and by Mai^shalUfrom Pickering’s 
measurements, and which they regard as very exatt, are not really so, 
since Pickering only employed a relative and'hot an absolute unit for his 
determinations; the figures consequently rcqiri're to be corrected by multi- 
plying by the factoro-9974,asgiven by the German Standards Commission/’ 


' Temperature Correction. 

Since in practice specific gravity determinations are scldem made 
at exactly R is necessary to have a means of correctingVeadings 

made at a higher or low.^ir temperature. m 

* J.^Soc. Chem, Ind.^ 1898,' 17, 45. Ibid.y 1 890, 9, 479. 

^ Ibid,^ 1899, ^o, 6. '*/. Chem. 1890-/ 57, 63 and 331. 

’’ Report^ 1904, p. 221. ' . 
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Lunge has compilyl a table, based on an extendeS series of observa- 
tions, for this jjurpose. An abridged form pf the complete table 4 s given 
below.^ A very complete table has ^Iso been published by the German 
Standards Commission, with which Lunge’s table agrees very well doum 
to a sp. gr. MOO = about 15 per cent. The table, is, inapplicable 

for weaker acids, owing to an error which canncA now be traced ; it is 
however, seldom likely to he required for such weak acids. 

* • • ' * 

Table showing the IntiueAce of Temperature on the Specific • 
Gravity of Si\lphuri^ Acid. * 
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* The complete tfble is given in The Technical^CbemisCs Lunge, and edition, 

1916, pp. I26>I29. * - • * 
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Foi; temperatures below is"" the values giji'en in the column t 
must, df course, be snbtrc^ctcd from the observed j reading ; for 
temperatures above 15" the corrections Miuist be adde\i to give the 
v^lue at 15^ A table his also t)een calculated by Fuchs ^ for this 
correction. \ ♦ 

The following tabU, p. 427, worked out by the Chcmischc Fahrik, 
Griesheim, will be fpund useful <in m?ndy cases. 

It is to be 'noted that the values given in all the above tables only 
4 ^old good for chemically pure acid. IiV- commercial 'acids the specific 
gravities at the highest concr^ntrations are appreciably higher than the 
values given*' in the tables, bift the variations between acids made at 
different works are too' 4 c:rcgular to permit of a tJ^ble being prepared for 
such acids. The specific gravity is influenced in the case of nitrous vitridl 
by the percentage of nitrous acid* present, and in the case of chamber 
and concentrated acids by the presence of sulphurous acid, lead sulphate, 
nitrogen oxides, arsenic, and*" iron. Xhc quantities of these usually 
present hi sulphuric acid are too slight markedly to affect the spegifip 
gravity; but occasionally the acid is strongly contaminated with iron, 
aluminium, or sodium salts. The iron may result, for example, from 
pyrites dust, the aluminium „from the jiacking 01* the Glover tower, 
or from the fireclay frequently employed for temporarily repairing leaks, 
the sodium salts from solutions of Chili saltpetre or Glauber’s salts, 
which sometimes get into the chambers through carelessness. Nitric 
acid, which occurs in appreciable quantity in sulphuric acid recovered 
from spent nitrating acids, also causes an increase in the specific gravity. 

The influence of impurities on the specific gravity of sulphuric acid 
has been dealt with by Lunge," also in a paper by Marshall,^ and 
in special detail by the German Standards Commission.^ According 
to the Commission the Glover acid, as might be expected, is the most 
impure, the differences between the actual percentages found by analysis 
and those obtained by calculation from the tables varying from a 5 to 
1-87 per cent. “ Commercially pure ” chamber a^^id showed differences 
of o-oi to 0-26 per cent.; acids- oV 142" Tw., of (exceptionally) 003 to 
1-55 per cent.; acids of 168'’ Tw. made from cHamber acid, differences 
of 0-24 to .0-76 per cent, in one instance only 0 02 per cent. ; whilst 
acid free from arsenic differed from the actual percentage by from 0-09 
to 0-65 per cent. Acids made by the contact process showed differences 
of only 0-02 to ^23 per cent.^and acid manufactured from sulphuretted 
{lydrogen of only o-02 to o-i8 per cent. 

Since tt)e changes in specific gravity with strength are v<, ry slight 
in the case of high-strength acids, and as it is just in these acids 

^ Z. angew. Chem.^ 1898, 11,950. 

2 V^yld, Raw Material for the Manufacture of Sulphuric Acid and the Manufacture of 
Sulphur Dioxide, 1925, p. 207. 

/, Soc. Chem. Ind., 1902, 21, l5q'. 


Report, 1904, 5, p. 243 nfg- 
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that the impuijitfcs, always present in cominpcial acids, have the 
greater effect on the specjific gravity, which Ms incr|'ased by their 
presence, the tables for acids of ^ver gd per cent, strength should be 
irsed only for guidance in Jhe works; for selling purposes, actual 
analyses sho,ul<;l always be mafle.’ 

Richmond and Mdrreywcther ^ utilise the heat of admixture with 
water as a convenient and rrfpid means of ascertaining the strongtji 
of a sample of sulphuric acid. Into arDt^yar vessel is put 400 g. of 
*water%t a temperature near iS'’ C, whicyi is measured*’by a thermometer 
reading to 0 01'’ C. VVhen* thc temperature is constant, 5 c.c. of the 
strong acid Is accu^t^ly run in from a pipette,‘'and the acid is sthred 
by the thermometer \ill constancy is ijgain ^ reached. Then, from 
Pickering’s results ^ ^ ' 

Percentage of H.,SO, = 100 - 7.335.x 4* 139 x — r') 

• ^ 400 \ 400 + 7 V ) 

where iv is the water equivalent of the calorimeter, and R is the Vi^e 
of temperature. . ' • 

Lichty^ finds that pure monohydrate has a maximum freezing 
point, 10*43'’— 10-45'' C., ^ sharply^- marked • minimum electrical 

conductivity of 0-01041 reciprocal ohm. P'or acids containing between 
95 and 100 per cent, ot monohydratc, measurement of' the conductivity 
affords the most accurate means of determining their strength. 


Boiling Points of Sulphuric Acid. Lunge.^ 
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^ Anfilysi , 1917, 42, 273. -/. C/mm. Soc., 1890, 57, 94. 

^y. Affier. Chem. Soc.^ igo8, 30, 1834. ‘ Ber ,^ 1878, ll, 370, 





QUMvITATIVE •l^'XAMINATlON OF SlJLrilURIC ACID' FOR ImPURITII'S 

The impurities lik(?ly to bepresenj; in ordinary commercial sulphuric 
acid are : — Sulphates ot sodium (less frequently potassium), ammonium, 
calcium, aluminium, iron and lead, exceptionaljy alsq of zinc and 
copper; arsenic, selenium, ^thallium, titanium, nitrogen oxides, 'hydro- 
chloric acid, sulphurous acid, and hydronuo]i*ic acid. 

Acidum sulfuricum purissimum is, according <o Kraivch,^ tested for 
fixed residue, nifric acifl, selenium, reddeing subs’tiifiecs, lead, other* 
metals, arsenic, ammonia, and the halogens. 

Genefal examination for gaseous impurities (WaringtOn). Two 
kilos o& the undiluted acid arc thoroughly sl;iaken in a flask, of a 
capacity equal* to twice the volume of the acic^, ^o as to saturate the 

1 A'n, 1901, 34, 4100. • ^ 

The Tetiing of Ghemtcal Reagents for l\rtty (1919), p. 322. 
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^ air in 'the flask ^yith the gases dissolved in the^jpid. The atmosphere 
in the llask is then tested for sulphurous acid by iodisefc starch paper 
and for gaseous oxides of nitrogen by potassium iodide starch 
{ 5 aper. Any blue coloration ^produced by the latter gases will not be 
destroyed by sulphurous acifi unless this is present in considerable 
excess. Sulphuretted'' hydrogen reacts like sulphurous acid in this 
test. ^ • 

Sulphurous acid. This gas will decc^lonse a starcfe solution rendered 
^faintly blue by io(^ine; or it may be converted hito sulphuretted 
hydrogen by means of zinc oV ^aluminium, and examined by lead acetate 
paper of by an alkc4K04" solution of sodium nitroprusside. The latter is 
a very delicate test , 

•Hydrochloric acid. Two g. are diluted to 30 c.c., and a few drops ^ 
of silver nitrate solution added ; in. the case of acid, sulfuric, puriss. 
no turbidity should result The hycbochloric acid present in ordinary 
commercial vitriol arises from the sodifim chloride present in the nitre. 

The qualitative exaviination for traces of nitrogefi acids is best m‘ade 
with diphenylamine. The diphenyb.mine' is dissclved in about 100 
parts of pure sulphuric acid, or fating this, in an acid freed from 
nitrogen compounds by bailing with 4 he addition of a very small 
amount of ammonium sulphate, and the solution diluted with about Va 
of its volume of water. The solutjon may be used at one'e, or may be kept 
some time ; but it gradually becomes discoloured and less sensitive. 
In testing concentrated sulphuric acid for nitrogen acids about 2 c.c. 
of the acid is placed in a test-tube or conical test-glass, and about 
I c.c. of the diphenylamine solution added carefully so that the two 
layers only mix slowly ; in the case of weaker acids or other solutions of 
lower specific gravity the order is reversed, and the heavier diphehyl- 
amine solution placed below. The slightest trace of nitrogen acids is 
shown by the development of a beautiful blue colour at the junction of 
the two solutions.^ * t 

in the presence of selenium (/or the detectibn of which see infra)^ 
which also gives the above reaction with diphenylamine, nitrogen acids, 
if present in, some\vhat large quantity, may be recognised by the 
decolorisiiig effect on indigo solution, whilst if only present in traces 
they may be detected by thii reddening produced in a solution of brucine 
sulphate. The deteolion of nitiogen acids by means of ferrous sulphate 
.has been de.sc«Leh above (p*. 41 1). *' 

Nitrous acid can be detected by a number of very delicate reactions, 
which are* not given by nitric acid. The.se include the blhc colora- 
tion produced in potassium iodide starch solution, or still better in zinc 
iodide starch solution.* Its presence is detected with especial ease by 
the formation, of azo-colours, a reaction first discskvered by Grie^, 

^ Cf, LiAige, Z. angew, Ckeni,^ l894> 7> 345* 



,.co™e„ded 

The latter reagent has the disadvantage that the naphthylamine solut.o^, 
even when prepared from a perfectly white salt, becomes dark coloured 
after a relatively short time, aijd as a result loses its sensitiveness, 
l^urthe^ in very dilute solutions, sucli as i, in lOOO millions, the 
reaction takes pl^ce so slc>\J^ly^hat it is impossible to be quite .certain^ 
that the coloration arises from the substance tested and not from 
nitrous acid present in the air ; the'timq may be appreciably-shortened 
by warming the solution, but even in this case to twenty minutes 

may be necessary. ' 

llosyay^ found that by using acetic acid instead of sulphuric acid or 
hydrochloric acid, the time required for the reaction is very much 
decreased, and that at the same twme thc^ colour is developed to a much 
greater extent. He overcomes'the difficulty of the discoloration of the 
'tut^^hthylamine by adopting ‘the following method of preparing the 
solution 0*5 g. sulplfanilioacid is dissolved in 150 c.c. of dilute 
acetic acid and o-i g. of solid iiAphthylamine is boiled with 20 c.c. of 
water, the colourlcsa' solution* .^joured off from the bluish-violet residue, 


and 1 50 c.c, of dilute acetic acid added to this solution. In testing, a few 
c.c. of the sulphanilic acid .solution are added to about 20 c.c. of the 
solution to be examined, the mixture warmed to yo" to So'", and the 
naphthylamine solution then added. In the presence of one part of 
nitrous acid in 1000 million parts of solution the red coloration, due to 
the azo-colour produced, appears in about a minute ; if the nitrous acid 
be present in relatively large amount, about i : 1000, only a yellow solu- 
"ti’on is obtained unless a concentrated solution of naphthylamine be 
employed. ’ 

Lunge 2 mixes the solutions of sulphanilic acid and naphthylamine 
prepared according to Ilosvay’s directions, and keeps the mixture 
in a wcll-stoppcred bottle. It is jinncccssary to exclude light ^rom 
the mixed solutions, birt it is essential to prevent access of air, since 
this may possibly contain nitrous acid as an impurity. By thus combin- 
ing the two reagents in a single solution, any contamination by nitrous 
acid from the atmosphere is at once evidenced by the red colour of the 
solution. A solution that has become red may be very qviickly rendered 
fit for use by shaking with zinc dust and filtering. With the reagente 
ready mixed, the reaction may also be hastened by warming the solution 
to 70” to 80". (Cf. infra, under the quantitative application of the 
giethod^.) 4 

Riegler^ recommends the use "of naphthionic acid or sodium 


' ' ’ Bull. Soc . Chi^., 1889 [3], 2, 317- • angew. Cliem., 1889, 2, 666. 

3 Z. anal. Chem., 1896, 35, 677 ; l 897 i 3 ^, 3o6, 377 ,^ 65 - 


) 
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naphthionate ai^d /^-naphthol, but this has no ai^dvantage over Griess’ 
reagent's, and according to Riegler himself is not so sei.isitive (i : lOO 
million). This reagent can be used colorimetrically. 

^ For other methods see H.rErdmann ^ and Mennicke.“ 

Brucine vi sulphuric acid lolution reacts only with nitric acid and 
not with nitrous acid when sulphuric, acid is present in large excess ; 
nitrous acid only gives a coloration if the .solution contains at least two 
parts qf water to each part of sulphuric Acid, ^ Consequently, to test only 
for nitric acid, the solution should contain sulphuric acid equal to 2/3 of its 
volume, and the test be carried out by adding 1 c.c. of a solution of 0-2 g. 
brucine in 100 c.c.-Wttong sulphuric acid, to 50 c.c. of the solution tP be 
examined. In the presence of o-oi mg. nitrate-nitrogen, a red colour 
results, subsequently passing through orange to a golden )'ellovv/^ 

Hydrofluoric acid may be detected by warming the acid in a 
platinum dish, covered with a glass iplate coated with wax in which 
figures have been scratched. 

Aniuionia. Two g. of the acid is diluted with about 30 c.c. x>f 
water, the solution made alkaline by the addition of a potassium 
hydroxide solution containing 3 to 4 g'. pure hydroxide, and ten to fifteen 
drops of Ncssler’s reagent added ; no distinctly )eclow or brownish-red 
coloration should result. 

Krauch states that by this method i mg. NH., in 100 g. concen- 
trated sulphuric acid will produce a distinct yellow coloration and 
turbidity. 

Solid impurities. Lead is shown by any turbidity which results on 
the addition of five volumes of strong alcohol to one volume of the 
acid ; simple dilution with water is sufficient if the lead be present 
in considerable quantity. 

Iro 7 i. The acid is boiled, after the addition of one drop of pure 
nitric acid, diluted slightly, and when cold, treated with an excess of 
thiocyanate solution. A blank test should always be made with the 
nitric acid employed, to make sure that any red coloration produced is 
not due to this. • . 

Venable^ qmploys a mixture of cobalt nitrate and strong hydro- 
chloric 'acid. Traces of ferric salts change the blue colour of the solu- 
tion to green ; ferrous salts do not affect it. 

Selenium is recognised by the red coloration and subsequent red 
precipitate proilu*>:cd by the addition of ferrous sulphate, or, preferably, 
sulphurous acid to the solution ; the reaction is hastened by warming. 
The preserTce of cxoi per cent, oi selenium is shown, after some hours, 
by either reagent. Selenic acid cannot be tested for by these reagents, 

T 

1 r. angew. Chem.^ 1900, 13, 33. “ //;;</., 1900, 235 and 711. ^ 

^ Cf, Winklcf, Z, angew. Lhem., 19JI, 14, 170 ; and, Lunge, ibid.., 1901, 14, 241. 

■* Z anal. Chem,, 1889, 28, 699. • 
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but it may be detect®* by means of acetylene, whicli ^Iso reacts with 
selenious acid,|and pitduces a red coloration in the presence bf only 
o-ooi per cent, of selenium a little hydrochloric acid hastens the 
separation of the selenium, which is soluble,)in hot sulphuric acid, forming 
a green solution. * 

J)ETKCTION AND APPROXIiSaTE ESTIMATION OF ArSENIC 

% ^ ^ * * 

Examination for this ’impurity is always important, and it is 

necessary in all cases where the acid is so^d as pure, or is 
intended for use in the preparation of , substances such , as glucose, 
tarta«ic acid, mineral water, yeast, etc., which e’iwher directly or in- 
dijrectly may be used as food-stuffs. Sulphuric acid prepared from 
^pyrites, ^jnlcss specially purified, usually contains from o-i to o-2 per 
cent, of arsenious oxide, and, in exceptional cases, up to i per cent, 
and more. 

Very special attention has been directed to the presence of arsenic 
i?l-.^ulphuric acid, owing to the numerous and in some instances fatal 
cases of arsenical poisoning thj^t occurred in the year 1900. It was 
found that these cases arose from tRe consumption of beer, in the brewing 
of which glucose containing .a>;cnic had been employed, the arsenic in 
the glucose being traced in turn to the sulphuric acid used in its manu- 
facture. The infestigation into the otigin of this poisoning led to the 
publication of much important work on the detection and estimation of 
arsenic in various materials.^ 

Of the various methods of testing for arsenic, that of Marsh, more 
recently and correctly known as the Marsh- Berzelius test, is by far the 
most generally employed ; the Reinsch and the Gutzeit methods arc 
alsb largely usdtl. 

As a sequel^ to the outbreak of arsenical* poi.soning referred to 
above*, a joint committee of the Society of Chemical Industry and of 
the fTocicty of#Public Analysts was appointed in 1901 to investigate 
the various methods fc^r the detection j^nd approxim*ate estimation of 
arsenic in beer, brewews’* lyaterials, food-stuffs, and fuels;- this com- 
mittee reported in favour of the Marsh-Berzclii*s test -as the most 
reliable and generally applicable method. 

According to Hehncr,^ ordinary pyrites vitriol contains on the average 
0-2 per cent, of arsenious acid (As.^O.{) ;* such acidt after purification, he 
considers permissiBle for use in the preparation of fooJs^iTd for the other-^ 
purposes jnentioned above, provided that the arsenic left in does not 
exceed o-Ss mg. AS2O3 in 10 g. of the acid, that is, (fne part AsoO.^ in 

r/, 4 vfport of the Royal Commission on Awenical Poisomng, 1903 ; So(. C/icm. ///(/., 
1904.23,159. * • 

• The full Report o#the Committee is published in^he /, Soc. Chem. Mf, 1902, 21, 94. 

^ Soc. Chem. Ind.y 1901, 20, 188. " * 

^ • 2 E 
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t 200,000 parts al'id. Very frequently the atijnunt of arsenic remain- 
ing aftt:r purification is less than this limitiilg valu<|, but no acid 
prepared from pyrites, and perhaps not 'even that from Sicilian brim- 
stone, is absolutely free ffom^^arsenic ; on the other hand, such freedom 
might be expefted in acid majjle 'by the contact process when platinum 
is employed as the contact material. Acid prepared by the ferric oxide 
contact process is not free from arsenic (Conroy). 


A. The Marsh-Berzelius Test. 


The , actual test^ as propo'sed by Marsh in .1827, consisted in the 
formation of a dark stain on a piece of cold pf-rcelain brought ifito a 
burning mixture of hydrogen and arseniuretted hydrogen. For mo're 
exact purposes, this is generally combined with the Berzelius 'reaction • 
by heating the arsenical hydrogen during its passage through a 
glass tube, and so decomp6sing the arseniuretted hydrogen with 
the separation of the arsenic in the form of a mirror. . ^ 

The following are the* details and conditions for carrying out i’he 
test as recommended by the joint committee of the Society of Chemical 
Industry and the Society ofTublic Analysts. 

The materials required are : — 

1. Hydrochloric acid The purest hydrochloric acid obtainable is very 
rarely free from arsenic. To thd “pure” acid as purchased for analysis 
diluted with distilled water to a sp. gr. of mo, sufficient bromine is 
added to colour it strongly yellow (about 5 c.c. per litre) ; sulphurous 
acid, either gaseous or in aqueous solution, is then added in excess^ 
and the mixture allowed to stand for at least twelve hours ; or^hydro- 
bromic acid and sulphurous acid may be used. The acid is they 
boiled till about one-fifth has evaporated, and the residue can either be 
used direct or it may be distilled ; the whole of the arsenic is volatilised 
with the first portion. 

2. Sulphuric acid. This is more frequently pbtainafile arsenic-free 

than hydrochloric acid. If net 'procurable, to about half a litre of 
sulphuric acid, “pure for analysis,” a few* grams of sodium chloride 
are^idded.and the mixture distilled from a non-tubulatcd glass retort, 
the first portion of the di.stillate, about 50 c.c. being rejected. For 
the purpose of the tejjt, one volyme of the distilled acid is diluted with 
four volumes yf.w^ter. , , ^ 

3. Nitric acid can, as a rule, be obtained free from arsenic, without 
much diflfifulty, the pure redistilled acid being used. This phould be 
tested by evaporating 20 c.c. in a porcelain dish, which should then be 
washed out with dilute* acid, and tested as described below. 

The purified acids should be prepared as required, and should qot 
be .stored for any length ^f fl’me. If they must be stored, however. 
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Jena flasks are to be |p|referred, since most bottle glas^ is liabl^o com-# 
municate trat^es of ailenic. ^ • 

4. Zinc, Arsenic-frce zfnc is .obtainable from chemical dealers 

It should be re-granulated by meltiilg and pouring it from soAic 
height into cold water. A. H. Allefi h^lds it to be essojitial, both for 
a regular evolution of hydrogen and for the formation of uniformly 
^def.K)sited brown-coloured mirrors, thatf the zinc should contain a trace 
of iron.* ^ 

5. Calcium hydroxide, l^'vcn when made frop white marble this 



Fi.i. 1*1. 

• • 

• • 

is not always free from afscnic ; a selection must, therefore, be made 
from various samples. If®pure lime is not obtainable, magnc.^ia -may 
equally well be used, and can more re*adiJy be obtained of sufficient 
purity. • • , 

6. Calcium chlgride. U'his salt often coiftains arseiwaj^ynd before bein^ 
used as a drying agent must be freed from the volatilisable part of the 
impurity# by moistening it with strong hydrochloric acid, fusing, and 
re-granulating. 

TAc* appar^atus to be nsed is sho\\^i in F'ig. 194. 

A bottle or ^sk, a (which for frothing materials sl^ould preferably 
be wider at the top than at the bottom), hokling about 200 c.c.. is fitted 

A • 
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.with a doubly bor^ccf’ cork or rubber stopper, or a ground-in glass 
connecti( 5 n carrying a tap funnel, h, holding about 50 c.c.^ and an exit 
tube, c. The latter is connected wjth a dfying tube, containing first 
a foil of blotting-paper, c, soaUed in lead acetate solution and dried, or 
a layer of cotton wool preparccj id a similar way, then a wad of cotton 
wool, fy then a layer, ^ of granulated calcium chloride, and finally a 
thick wad, A, of cotton wool. Po this tube is fitted a hard glass tube, 
drawn put as shown in ‘the figure to a- thhiner tube, /t, and of such 
external diameter tli^at at the place where the arsenic mirror is to be 
expected, t.he tube just passes* through a No. 13 Birmingham wire gauge 
(corresponding with^ 0.092 inefi = 2-34 mm.). The exact size is ^lot 
material, but all tubes used for standards and tes^t-s should be as nearly 
as practicable of the same diameter. A good Bunsen flame is used to 
heat the hard glass tube close to the, constriction. About one inch of 
tube, including the shoulder, ou^ht to he red hot. A piece of moderately 
fine copper gauze, about one inch square, wrapped round the portion of 
the tube to be heated, assists in ensuring an equal distribution of heat r 

Method of testing. About 20 g. of, zinc is placet;! in the bottle, <7, 
and washed with water to clean the surface, as particles of dust may 
contain arsenic ; all the parts of the apparatus an^ connected up, and 
a quantity of acid, prepared as de.scribed, is allowed to flow from the 
funnel, so as to cause a fairly brisk evolution of hydrogen. When 
the hydrogen fiame, which during the heating of the tube, /, should be 
kept at as uniform a height as possible (about a quarter of an inch), 
burns with a round, not pointed tip, all air has been removed from the 
apparatus. The plug in d prevents the flame from striking back. The 
burner is then placed under the hard gla.ss tube as described, and more 
acid (10 to 20 c.c. is generally enough) run in as required. With good * 
materials no trace of a .mirror is obtained within half an hour. Great 
care must be taken that when additions of acid are made to the .zinc, 
no air-bubbles are introduced, since in 'presence of ajr the ar.s'enic 
mirrpr may become black and unevenly distributed ; when the experi- 
ment is properly conducted the mirror is broVn.‘ Should the blank 
experiment not be satisfactory, it must be' ascertained, by changing 
the materials methodically, whether the fault' lies with the acid, zinc, or 
other materials, or with the apparatus. 

Preparatioi\ of stamiard mirrars. When a satisfactory blank experi- 
jpent has been^*hw^'Ined,a series of standard mirrors are prepared under 
the following conditions : — 

Ahydrt»chloric,acid solution of arsenious oxide, containing e-ooi mg. 
AsoOg per c.c., is prepared by diluting a stronger solution with distilled 
water. Two c.c. of thisi .solution, dtjual to o*ocf^ mg. of arcenious oxide, 
is introcluced iff to the apparatus, a new tube, iky having been joined t« 
the drying tube. If the< zCnc is sensitive, 9 distinct brown mirror is 
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obtained after twentVininutes. It is important to not^ that soi^ “pure’i 
zinc is, from*a causelat present unknowi-^not sufficiently sensitive; that 
is to say, the addition of minute quantities of arsenic produces no 
mirror (on this point sec p. 412). The portion of the tube, ik, contain- 
ing the mirror is scaled off while sfill filled with hydiiog^n ; in contact 
with air the mirrors gradually^ fade. Mirrors'are then similarly made 
^with 0 004, 0 006, o-oo8, and 0 01 mg. of arsenious oxide. With a little 
practice it is easy to obtain the deposits of arsenic neatly and equally 
distributed. The standard mirrors, properly mrirked, are mounted on 
a white card or porcelain slip. It'is imp6rtant to bear in mind that the 
fir^t stage of every tbst must be a blaiiK of at least-twenty minutes. 

Hydrochloric acid is somewhat niorc sensitive than sulphuric acid ; 
that is to say, it gives rather denser mirrors with minute quantities of 
arsenic. If for any reason sulphuric acid is preferred, the set of 
standard mirrors must be prep?#red with this acid. 

Organic materials, such a^ beer, yeast, etc., cannot be tested, when 
^V^ilphuric acid is used, without destruction of the organic matter, whilst, 
as a rule, they ca<i be dirtctly tested with hydrochloric acid. However, 
many materials arc met with in which it is preferable to destroy the 
organic matter. • * 

Procedure without destruction of orga 7 iic ^natter. The apparatus is 
started and a •blank experiment allowed to go on for twenty minutes. 
If no trace of a deposit is obtained, 10 c.c. of the liquid to be tested, 
and 10 c.c. of hydrochloric acid are put into the funnel, and slowly 
introduced into the bottle, care being taken to exclude air-bubbles. 
Some materials, such as beers, arc apt to froth, hence the necessity 
for the slow introduction of the sample. If after about ten minutes no 
’ mirror appears, another 10 c.c. of the liquid with 10 c.c. of hydrochloric 
acid are added, and the experiment continued for from fifteen to twenty 
minutes, acic^’being added from time to time as mt'^ appear necessary. 

* The repqrt also deals v\^th the special precautions to be observed in 
the examination of^malt, hops, su^ar, and other brewing materials, as 
well as the particukv^ for cases in which the organic matter present 
mu.st be destroyed, as ns frequently essential.^ Fuel, for example, i.s^ 
incinerated after mixing with lime or magnesia, and the •resulting 
residue extracted with hydrochloric acid >0 obtain the “ total arsenic.” * 
If sulphites are present they must be o:#idiscd J^y bromine, the 
excess of the laKer beiftg removed by heating. 

The committee found that ar.senic acid as well as arsenious acid can 
be detected and estimated by the j/rocedure described. iThe quantita- 
^ tive results are, of course, only approximate, and cannot be relied upon 
for •quantities of arsenious oxide •below 0003 mg. As an additional 
r# precaution, a s^ond tube should always be subkituted for that contain- 
ing the mirror, and the ^experiment contwiRied for a further period of 
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/rom fifteen to t\^^nty-fivc minutes, and any arse^jc deposited added to 
that previously obtained. As a further check, the! tests should always 
be made in duplicate. 

'^To prove that the mirror (fotained actually consists of arsenic, the 
narrow portiop of the tube, which .should not contain more arsenic than 
corrc.sponds to o-oi mg. ^AsoO^, is cut off, the hydrogen di.splaced by air, 
and the ends of the tube then fused together. The sealed-up tube is# 
then dr^wn several times through a Bun.sen'’flame until the mirror has 
disappeared ; on cooing, minute crystals of arsenious oxide appear. 
The sparkling of the crystals* can be seen with the naked eye, if the 
tube be held in froiif of a luminous flame, and the crystals may, be 
readily identified under tfie microscope. ^ ^ 

By carrying out the te.st in the, manner described, it is possjble to 
detect, when working with 20 g. or 2Q c.c. of substance, as low a per- 
centage as o«ooooi5 As^Og or one part As.,03 in 7,000,000. 

The foregoing description is intended' for the detection of extremely 
minute quantities of arsenic in food-.stuffs and the like for forensic,/ 
purposes; fuel is included bn account ‘.of its*" use in, the “kilning” of 
malt. •’ 

For the examination of sulphuric acid tkc method may be simplified 
by suitable modifications. For works purposes, for example, in testing 
whether, in purifying, all the arsenic has been precipitated by 
sulphuretted hydrogen, a much simpler apparatus will suffice, the test 
being frequently carried out in a flask fitted with a glass tube drawn out 
to a point and bent at right angles, and the examination made by 
observing whether the hydrogen flame will produce a stain on cold 
porcelain. If no stain is produced, it is assumed that only harmless 
traces of arsenic remain in the acid. < 

A further refinement un the method for the detection of arsenic has 
resulted from the work of the special Committee,^ appointed by -the 
Board of Inland Revenue, of which Prof, l^ E. Thorpe aqted as chair- 
man. , In the report two methods of carrying outS.he Marsh-Berzelius 
test are described, namely, the zinc method and the electrolytic method. 
The details for the first^ agree with those of the earlier arsenic committee 
(p. 434), «exccpt that the apparatus recommenVled is much smaller and 
‘ the quantities of acid and zinc employed correspondingly less. The gas 
evolution takes .place more slowly and the arsenic is deposited on a 
sgiallcr surface which flatter allows of a'’bettcr comparison with 

the standard mirrors. These improvements are considered essential by 
the Inland Revenue Committee. ‘Where cost of apparatus nbed not 

^ Report of the Committee appointed by the Commissioners of Inland Revenue to spedly the 
ingredients cf beers and the Materials used in their preparation which are liable to be con-,^ 
laminated by arsenic, ind to prescribe tests,,etc. ; publi.shed by Wyman fi?^ons, London, 1903. 
Cf. also,/. Cyiem. Soc., 1903, 83, 974.* • . ^ 
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be considered and \\ 5 h^re suitable electrical current is avail^e, the - 
evolution of hydrogeil by electrolysis is rcjcommendea The cfesign of 
the apparatus and the manner of carrying out the test, as worked out 
in the Government Laboratory, are iUiisA-atcd and minutely described 
in the report. In this method the conditions of experiment may be 
made absolutely uniform, and mo/e exact compai^sons with the standard 
mirfbrs should, in consequence, be obtained^ further, all troubles 
arising from the jDresence.bf arsenic in the zinc are eliminated. , 
The apparatus, Fig. 195, consists of the following parts. The gla.ss 
vessel A, open below, is fitted with a grounfl-in stopper furnished with a 
tap 4 innel the tube of which projects slightly ^elo’.^the stopjfer. The 
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stopper is provided with a b*ent tube B', to which the calcium chloride 
tube C is attached bf a ground-gla.<^s connection. A strong platinum 
wire, (Ty is also fused* hi to the stopper, and to it a conical-shaped 
platinum cathode, <?', pierced with several holes, is^attached. The vessel 
A is supported by a porou^ cell D, the distance between the Walls of the 
two vessels being from 2 to 3 mm. Ihc pcTrous cell is made of Pukall s 
porous porcelain, the walls of which are*from i to >5 rnm.ihick; it stands 
in the thick-walled, g1ass*anode vessel E. ‘The anodtf'rcfAsists of a strip, 
of platinum foil, 2 cm. broad, coiled loosely round the cell D, and con- 
nected tef the circuit by a strong plafinum wire. T^he whde stands in 
^ cooliqg-vcssel, F, by aid of which the temperature is kept below 50°. 
The tube C eontains firstly a plug ’of cotton wool, then for a length 
cJf 5 cm. pure, ra^er finely granulated, (^alcium chloride^ which must be 
renewed after everjj three, or four experirAetits, followed by a second 
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, pill" 0^ cotton ivo^bl, and finally a roll of leac^ acetate paper; this is 
prepar(kj by soaking^ filter paper in a cold satirated sJlution of lead 
acetate, and after drying in tjie ai^;,cuttiI^g it into strips i cm. wide and 
then rolling it into a coil sA as to fit loosely in the tube. A further 
small spiral folj of lead paper# is *also inserted in the exit-tube from C, 
which is connected witl the constricted glass tube G by means of a small 
piece of non-vulcanised rubbef, care teing taken that the ends of the 
^ glass tpbes arc in contact The tube G is*made from a piece' of Jena 
glass tubing of 3-5, mm. internal and *5 mm. external diameter, and 
is cleanccl by successive tretitment with acid, alcohol, and water. It is 
then dried And hc^tcdjn the blowpipe so thafa portion of the^.ubc, 
about 2 cm. in length asid 5 qm. from the end, is softened, when it is 
drawn out to a length of 7 to 8 cm. and to'a uniform external diameter 
of 2 mm. The tube is then cut off near the end of the narrowed ‘ 
portion and the latter bent upwards to a height of i cm.; it is 
supported in slots in the metai cone H,‘ surrounding the Bunsen flame ; 
a piece of platinum gauze, about 2 cm*, square, is wrapped round ••'■hr 
portion of the tube to be heated in’jhe bnrner. Jhe small burneTj 
has a circular base 12 mm. high and' a tube 6 cm. high, and 5 mm. 
internal diameter. ' . 

The resistance of the apparatus is 1-4 ohms, and working at 7 volts 
potential difference between the^pole wires and emptying a current of 
5 amperes, 40 c.c. of hydrogen are liberated per minute; this gives a 
steady flame 2 mm. high. The original de.scription contains directions 
for arranging the apparatus so as to permit several tests being carried 
out simultaneously. 

The sulphuric acid solution employed in the apparatus is prepared 
from pure sulphuric acid, tested especially for freedo<n from arsenic; 
which is diluted in the, proportion of i vol. of concentrated acid to 7 
vols. of water. 

To apply the test to sulphuric acid, ^ c.c. of the saqiple is diluted 
with 20 c.c. of water, 0-5 g. potassium metaljisulphite added the 
solution boiled to drive off thb sulphur diox.i(.le, Und allowed to’cool 
The object of the addition of the metabisulphite is to reduce any 
arsenid acid or arsenate present to the ai1,enious state, as this elec- 
trolytic method is only applicable to arsenic in the condition of an 
arsenite or of ar.senious acid. , 

^ To carry test, the«vessels A, B, and E are first thoroughly 

washed with water, cold water poured into the cooling vessel F, and the 
tube G coo^nected^with the drying tube C as described. Tfe'e wires a 
and d are then connected with the current source by means of binding 
screws, 30 c.c. of dilute. sulphuric Ucid poured* into the anode vessel E 
and 20lt.c. into.the pdrous cell D through the funneUB; the currentHs 
then switched on ; after tey minutes the air will have been sufficiently 
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displaced to allow th^ Jiydrogcn to be lighted. At^the same t?me the, 
burner J is lifted, a jld the flame so adjusted that thcr platinunf gauze e 
is maintained at a red heat. If at th^i encljof a further fifteen minutes no 
brown ring has appeared in the narrow portion of the tube G, it is safe^o 
assume that the acid is free from ars*enV:. If this be the^case, 2 c.c. of 
rectified amyl alcohol is admitted to D through B, and followed 
immediately by the acid to be tested, which has previously been prepared 
as described above, and tht^unliel rinsed with 5 c.c. of water ; tl\f funnel 
tube is thus kept lull of liquid, and air excluded frorji the apparatus. The 
object of the addition of the amyl alcol^l is to prevent frgthing. If 
ars^ic be present, a ’deposit will be formed, after ^ few*mi»utes, at a 
goint I to 2 cm. remc)vcd from the hc^ated portion of the tube ; after 
thirty minutes practically all the arsenic will in most cases have been 
^deposited. The tap in B is then opened, the outer end of G immediately 
held with a pair of forceps, and a small pointed flame directed against 
the tube between the end and the deposit at a point 3 cm. from the 
;iiiil:er. The tube fuses together immediately and is drawn“off. The 
electric current is.then svfitchccj off and th*e tube G heated and drawn 
out near its wider end, care being taken not to heat the arsenic mirror. 
The piece of tube abt)ut 4 cm.^Qiig so obtained and containing the arsenic 
mirror, is placed on a piece of white paper and compared with standard 
mirrors preparoid from very small quantities of arsenic employed in the 
form of a solution of pure ^irsenious acid in hydrochloric acid, and diluted 
so that I c.c. contains o-oi mg. As^^O^. 

In order to obviate the nece.ssity of reducing arsenic acid and 
arsenates, Trotman^ adds a few drops of zinc sulphate solution to the 
contents of the inner cell ; this causes the hydrogen to be evolved in a 
* state of overvoltage which .suffices to reduce any pentavalent ar.scnic 
present. The same object has been more iyitisfactorily attained by 
using cathode^’of metals, such as lead and zinc, which have a consider- 
ably greater overvoltage thefn platinum. Sand and Ilackford'" recom- 
mend the use of lead Idectrodes, and Jiave described a suitable app^^ratus 
for the electrolytic* e.^itwnation of minute quantities of ansenic, whilst 
W. Thomson ^ recommends zinc electrodes ; in both cases a com- 
plete reduction of the arsenic is said to be effected. ChaprAan and 
Law'^ have shown that arsenite solution?> are completely reduced in 
presence of sulphuric acid when cathodes of load, tin„or of cadmium 
are used, but that with bther metals, inclliding iro»r%“lvge proportion 
of the arsenic is retained in the cell ; arsenate solutions behave similarly, 
but in nf) case is the whole of the arsdnic evolved as,hydrid«. 

Kujin and Saeger have described a modified form of the Marsh 
* * • 

1 /. Soc. Chem. hid., 1904, 23, 1 77. /. Ckem. Soc., 1904, 8S,»IOl8. 

'•\f. Soc. Chen'^nd., 1904, 23, 799. » Avalyst, 1901?, 31, 3. 

1890, 23, 1:^98, . • • 
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* test, which permits bf a quantitative estimation tlie arsenic. Ackroyd ^ 
states tliat only the brown and not the blue modification *of the arsenic 
mirror is suitable for quantitative comparison ; the former results in the 
c^Tse of organic liquids (glucAse, beer, etc.), the latter from inorganic 
solutions. Ojily dilute solutions should be employed in testing, and for 
exact work fresh stand^lrds should be rpade each time. 

Bertrand “ has proposed the* following method for the detectiefn exf 
ToVo arsenic or less. The acid used f:iwarmed^to from 30° to a 
maximum of 60", thc^zinc added, and all air driven out of the apparatus 
by pure carbon dioxide ; i tb 2 droops of platinic chloride solution and 
15 c.c. of dilute sulplmric acid (i : 5) added, followed after an interval of 
ten minutes by the solutnLm to be tested. The ^as evolved is dried by 
passing through a plug of cotton, wool previously heated to iqo'', and 
then through a carefully cleaned glass.tube of i mm. diameter, which is 
narrowed by drawing out at a point some 10 to 15 cm. behind the 
place at which the ring is to be produced. A length of 20 cm. of 
the tube* is heated to incipient rcdncs.s. * In the case of thick-walS^Jt" 
tubes it is advisable to coniine the heated space byimeans of strips of 
filter paper which are kept moist. Fkially, the tube is sealed at both 
ends in a current of hydrogefi. According, to Treiidwell,‘Uhc addition 
of platinic chloride is inadmissible. Pederson gives similar details to 
those of Bertrand. t 

The zinc sometimes appears to be quite inactive (r/i p. 437), but such 
zinc has the peculiar property of becoming active on remelting and 
granulating. Allen ascribes this to the trace of iron, which may be taken 
up on melting in an iron ladle, and on this account he purposely adds a 
trace of ferric sulphate. Large quantities of iron are, however,*to be 
avoided, since according to Parsons and Stewart^ they cause a portidn ' 
of the arsenic to be retained in the hydrogen generating flask. The 
influence of metallic salts on the sensitiveness of ^inc has been 
especially studied by Chapman and Law.^' ’Salts of palladium, platinum, 
nickel, and of cobalt prevent the reduction of ar.‘?enic to its hydride by 
zinc, whilst those of cadmium, tin, lead, alunviiiium, magnesium, and 
the alkali metals have no effect. Alloys of most metals with “sensitive” 
zinc, ‘sifnilarly inhibit the reduction, with tlTe exception of the alloys 
of zinc with tin and with cadmium. If, however, 2 g. of cadmium 
sulphate, or of stannous chloride, or of lead acetate, be added to 
one of these -rti^nsitive alloys (with the exception of that with 
nickel), the whole of the ar.senic is evolved as hydride. Similarly, the 
addition of*’2 g. qf cadmium sulphate to the apparatus containing 
insensitive zinc renders it capable of reducing arsenic compounds; 

^ J. SoCf Chem, Ind.^ I902,«l, 1900. Bull. Soc, Chm.y 1902 [3], 27, 85^, 

^ Analytical Chemfstry^ 4th edition, vol.^i., p. 233. * Chtm. 6V«/;-TJ*X903, I., 250, 

® /. Amer. Chem. Soc,, 1902, 24^ lio5, ” Analyst, 1906, 31, 3. 
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also, magnesium is renclfred sensitive by the addition. of a cadrhium, 
zinc, or lead salt, | 1 * 

Arsenic-free zinc is readily 'prepared, according to Hehner,^by melt- 
ing about 500 g. of zinc with about i g. of metallic sodium ; on stirring^ 
a black scum is formed on the surface of»the metal, which Js removed. 
The fused metal is then poured jnto a second Crucible, again treated 
with Sodium, and granulated. If this treatment js carefully carried out, 
the zinc obtained is absolutely ffee from arsenic. Pattinson andJDunn 
found it preferable to distil the zinc from the zinc-sgdium alloy. 

The suggestion to employ aluminium foft and sodium hydroxide in 
plac(^f zinc, cannot b*e recommended for exact wci»k. AccoKling to 
Hehner,'^ it is possible,* whep working •with -<<fuminium and sodium 
hydroxieje solution, to fail in obtaining a mirror even when 0-2 mg. of 
Njurse niou s oxide is present in 25 c.c, of the solution. 

Great differences of opinion exist as^to the influence of sulphite.s, 
which are frequently present in*beer. According to some authorities 
interfere with the formation of the arsenic mirror, ancT should 
consequently be o:4idised Mth bromine wafer before testing {cf. p. 
437), whilst others maintain that they exert no prejudicial effect. The 
extremely small amount of §itlphur dioxide which may be present in 
sulphuric acid need scarcely be considered. The presence of sulphites 
only calls for consideration in the examination of beer, to which calcium 
bisulphite has been added to check fermentation ; traces of sulphur 
dioxide may also arise from sulphuring casks or hops. 

Allen ^ purifies the hydrochloric acid intended for use in the Marsh 
test by adding a small quantity of potassium permanganate, and dis- 
tilling. The distilled acid is quite free Irom arsenic, but the first 
fraction coming *bver contains chlorine and must be rejected. Thorne 
and Jeffers ^ dilute the acid to i-i sp. gr., and gently boil 2 litres of 
it for -an hour w'ith a .square of copper gauze, 10 cm^ in the side and 
abouf 4 meshes to the mm.,* wrapped round a glass rod. A second 
piece, and if necessary*further pieces of gauze are successively put, in, 
till the gauze remaihs •^rfectly bright. The hot acid is transferred 
to a retort and distilled from a frc.sh piece of gauze^. The first 400 c.c. 
are rejected and 100 to 200 ^.c. are left in the retort. The intermechate 
acid is free from arsenic. Ling and ReiTdle*^' effect the purification by 
boiling hydrochloric acid of constant boiling poin*, mixed with a small 
proportion of meHiyl aldbhol, in a reflux* apparatw,«fi.r:%der reduced 
pressure, with bright electrolytic copper, free from arsenic; a little 
arsenic-fr^ granulated zinc is added fo the acid. Jhe acid is then 


distilled pver pure copper. 

•* • 

^ ^ f. Soc. Chem. 1902, 21, 675. 

3 J, Soc. Chem. 1902, 21, 903. 

^ A 7 ialyif , 1906, 31, s-j. 


Chem, Nezvi, 1901, 83, 34. • 

i Pi 01. Chem, Soc.^ 1902, l8, 1 18. 

• f 
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Other contriblitions concerning the estimj^iion of minute quantities 
of arstnic havSj been made by Lockemann/ Pf ai and* Hurt,^ Bishops 
Bertrand and Vamossy,^ ill the report* of the Analysis Committee of 
♦the International Congress'of Applied Chemistry, 1905,^''* and at the 
joint meeting of the Society; of Public Analysts and the Society of 
Chemical Industry im January 1923/^ 

Dawydow^ and Berry ^ haVe shown that selenium affects the d(‘lic^y 
of thf‘ test. ‘Rosenheim and TunnicHffe*^ have drawn attention to the 
fact that selenium, like arsenic, may give rise to symptoms of poisoning."^*^ 
Rosenheim states that th (5 presence of selenium is not shown by the 
Marsh ^cstj but tliat when present with arsenic it influences tb-e size 
of the arsenic mirror, 2i'*nd mgy even, unrjer certain conditions, entirely 
prevent its formation. The Rein^ch test may be satisfactorily employed 
in presence of selenium, provided silver foil is used instead of coupe**, " 
Further, Bettendorf s test is influenced by the presence of selenium, 
though the Gutzeit test is not. Schlndelmeiscr has shown that in 
the Marsh test selenium, if present, is deposited on the zinc, andJJth^^;^ 
after such deposition is complete arseniurcltcd hycirogen is evolved and 
may then be detected as usual. • 

* , * 

B. Reinsch’s Test. 


This test depends on the fact that clean copper when immersed 
in a hydrochloric acid solution of arsenious acid becomes covered with 
a grey coating of copper arsenide, As^Cii^; the deposit is formed in the 
cold if much arsenic is present, but only on warming if the solution be 
dilute. Arsenic acid only gives the reaction on warming. Since avitimony 
also gives a coating of similar appearance, any deposit; formed must be 
specially examined for arsenic (cf. mfrd). 

The Reinsch test has now been discarded to a considerable extent, 
owing to its not being approximately quantitative in charactefr, and 
also because it is not reliable when the arsenic is present as arsenic 
acid, or when sulphites are prbsJnt, and is iiy point of delicacy inferior 
to the Marsh-Berzelius or the Gutzeit test.* It is, however, of consider- 
able ^alue in certain cases. According to Allen it is preferable to 
other tests for detecting aj-seftic in beer, etc. To carry out the reaction 
he purifies the hydrochloric ^cid as described above (p. 434), adds 
a small qugaitto the^acid and broroine water to 100 c.c. of 
the beer, boils for a few minutes to oxidise any sulphite present, 


^ Z. Bigew. Chm.^ IQOSj 18, 416. 

/. Atner. Chem. Soc.^ 1906, 28, 178. 
Report^ 1906, pp. 288-318. • 

\Chem. Centr.^ 1895^ 8ll. 

9 Ihid.^ igot, 20 , 390. f 

“ Chem. Centr.^ 1902, Il.f gfo. 


^ Z. anal. Chem.^ 1 904, 43, 537- 
* Chem. Centr.y 1906, I., I4{ii. 

" 1923, 48, 63. *• 

^ J. Soc. Chem. Ind.^ 1901, 20, 322. ^ 
Chem. A^m>i^90i, 83, 280. 

/. Soc. Chem, Ind.^ 1 901, 20, 28 1 . 
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adds a small quantity of cuprous chloride to rcjjuce the arsenic 
to the arsenioift condiiAn, immerses i sq. cm. of c(^per foiUin the 
solution and boils for malf andiour, addir^ water from time to time 
to replace that lost by evaporation. If thfc copper becomes darkened, 
it is dried on the water-bath, cut into Stri^js, and examined for arsenic 
by heating one of the strips in a narrow test-tube, and observing 
whether a sublimate of the chafcicteristic octahedra or tetrahedra of 
arseniouS*oxide is formed. ^Larger crystals are bbtained by previously 
warming the uppef portion of flie subliming-tube, and the appearance * 
of the crystals may be made more* distinct by fifling the tube with 
water. A similar procedure, together witb a minute description of the 
various details involved^ in carrying out the J/^t, has been published 
b3? a committee appointed* by the Brewers’ Central Association, 
^jManche^ter ; 1 the addition of an oxidising agent to destroy the 
sulprnt^ and of a reducing agent to convert arsenate to arsenite, is 
omitted. • • 

C. Gut.'ieit’s Test., 

• • 

This test is based on the action of arseniuretted hydrogen on solid 
silver nitrate or merturic chlo^*ide, prepared by allowing a drop of a 
solution to dry on filter paper, or preferably, according to Eidenbenz, 
by dissolving a anall crystal in situ on the paper, and drying. Silver 
nitrate is first turned yellow, owing to the formation of a compound 
of silver nitrate with silver arsenide, and subsequently black, owing to 
separation of metallic silver ; mercuric chloride is turned yellow owing 
to the formation of a mercurous salt having the composition As(rigCl);^. 
The te^t is usually performed by placing a small piece of granulated 
krsenic-free zinc in a test-tube, adding the material to be tested, 
and then, unless the material itself is acid, a small quantity of dilute 
sulphuric acid..’ A plug of cotton wool is placed in the upper part 
of tlTc tube aijd the tube c^fpped with the previously prepared piece 
of filter paper. Sulplturetted hydrogen, phosphoretted hydrogen, ^nd 
antimoniuretted hydrog*(jn interfere with the reaction. The test is, 
however, frequently employed in the examination jof commercial acids 
and of other substances ;* its applications and reliability bav€ -been 
specially studied by Fliikiger,^ RicharSsofi,^ Gotthelf,'^ Dunstan and 
Robinson,"’ and Goode and Perkin,^’ • • , 

Kirkby’s modhicatiod^ of the Gutzett test, w»l€liWs frequently^ 
employed, is based on the observation that hydrogen sulphide may 
be compltitely removed from the cvdlved gases by*means(*of a 5 per 


20, 646. 

•* J. Soc, tthem. Ind.^ I902, 21, 901. 
6 JhuL, I904^i5, 999- 
’ Ibid., 1901, 20, 281. 


“ A rein Pharm .^ 1889, 27, i. 

■* 22, 19 1. ^ 

^ fi //W., 1 90G, 25,^07. 

• • 
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cent., solution oft lead acetate, without any loss of arsenic. The 

apparatus used^for carrying out the test is shown in* Fig. 196. The 
hydrogen is evolved in thcjlask a, andds purined by passing through 

five bulbs, the three lower being 
half filled with 5 per cent, lead 
acetate solution. The purified gas 
{)asses into a small funnel, 
which is capped with tlfe spotted 
c aifd dried filter^ paper. 

. Tyrer^ washes the gas with 

* a 10 per cent, solution of lead 
^ acetate ii'y a two-bulb apparatus 

of different type to the above. *A 
simple form of apparatus, but* 
perhaps not so reliable, has Deen" 

* ] described by Dowzard.^ 

— - 4^. W. Richardson recom* 

fnends.the Gutzeit test, owing to 
its simplicity as compared with the Marsh test, and the possibility 
of carrying it out without special precautjons. ^ 

Hehner"^ objects to this test on the ground that it is impossible 
to be certain that the stain obtained has been caused by arsenic, 
since hydrogen phosphide, etc., \vill also produce similar stains; apart 
from this, he considers the test very satisfactory and delicate. The 
method of testing proposed by Bird*’ overcomes Hchner’s objection. 
The stain is treated with boiling hydrochloric acid, whereby a stain 
produced by phosphoretted hydrogen changes to lemon-yellgw, one 
due to sulphuretted hydrogen disappears, one due to^antimoniuretted 
hydrogen changes to pale grey, whilst that produced by arseninretted 
hydrogen changes to brick-red, and may even be recognised when 
all the gases meiltioned are present together in the test. The apsenic 
stain vanishes on treatment with bromine-hydrochloric acid, and the 
arsenic may be detected in the* resulting solution by means of the 
brownish-red coloration produced on addition of stannous chloride. 

The application ^)f Gutzeit’s test to tho quantitative estimation of 
arsenic has been very fully iPivestigated by Sanger and Black.^ In 
their apparatus the a^rsenical hydrogen is passed along the surface of 
the strip of not perpendicularly against it. .Strips of drawing 

paper of close texture, 4 mm. wide, are drawn through 5 per cent, 
mercuric chloride .solution till Uioroughly soaked, then driei’l and cut 

J . Soi . Chem . hid ., 1901, 20, 281. - Ikd ,, 1900, 19, 1145. 

“ Jfnd ., 1902, 21, 9or • cf . Gotthelf, ihid ., 1903, 22, igi- * 

* Ihid ., igqi, 20, 194. Ibid ., 1901, 2^,4390. 

« Ibid ., 1907, 26, 1115. , 4 * 
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into 7 cm. lengths, and kept in the dark in a bottle containing calcium 
chloride coVerid by cott*on wool. The generator is a ^Jlass bottje about 
30 c.c. in capacity, wilh a rubber cork caj'rying a short thistle funnel, 
the outlet of which is constricted to* about i mm., and a short delivery 
tube which connects by a cork with a bulb about 12 mm. in diameter 
carried at the end of a tube about 12 cm. longhand 4 mm. clear bore. 
The, bulb is packed with cotton wool which has been kept over 
^Iphurlc acid, and the tujpe contains, next the bulb, a small roll of 
lead acetate paper, then the strip of sensitised drawing paper.** Three* 
g. of unirormly granulated zinc is place^l in the bottle, and 15 c.c. 
of hydrochloric acid (about 1*5 N) added by the funnel 'After ten 
mintHes a uniform stidie is reached, and th^ibsence of arsenic from 
the reagents is established.' A known amount of the solution to be 
' te.sted is now introduced, and the' reaction proceeds ; after thirty 
^iTtTTcnres all the arsenic is evolved and the colour on the strip has 
reached its maximum. The Wnd of colour is then compared with 
.standards made in the same way from solutions containing known 
"'^mbunts (2, 5, 10, etc., micromg.)*of arsenious oxide. These standards, 
if kept in sealed tubes over phosphorus pentoxidc, remain constant 
for .several months, ^but must be renewed from time to time. If the 
strips be treated for two rnihufes at (not above) 60"" C. with 6 N hydro- 
chloric acid, thoroughly washed and dried, the colours arc intensified 
and rendered a little more enduring*; or, if they be treated with cold 
N/i ammonia solution for a few minutes, they develop a black colour 
of greater length than the original stain, and are greatly increased in 
endurance, though the dried standards must still be sealed in tubes 
over quicklime. Antimony compounds should be removed before 
.testing; sulphj^des are dealt with by the lead acetate paper, and 
phosphorus compounds do not interfere unless present in very large 
amount. Arse/iates should be reduced by sulphurous acid, and the 
excfiss of sulphur dioxide removed by boiling. * The method has 
a working limil of accyracy of about i micromg. (o-ooi mg.) of arsenious 
oxide, though with ,jcara jV that ctmount may be detected ; and its 
quantitative results may •be looked on as within about 5 per cent, 
of the truth, provided norryial care be taken to pi-eservc all conditions 
uniform throughout a series of cxpe?iments. (The original paper 
is illustrated by coloured reproductions of the stains on the 
strips.) . . 

C. Hollins 1 applies the Gutzeit test to the estimation of ar.senic^ 
in de-ars^nicated vitriol. He uses tl;ic apparatus shown in Fig. 197, 
in which the bottle is of 100 c.c. capacity, the buHas about 2 cm. in 
diamftc'V, and^the tube ajDOut 10 cm. long' and 3-4 mm. in bore. The 
b^lbs C and D co^ntain a little 10 per cent. leacK acetate solution, and 
’ J, Soc. Clum. ^ 76 . 
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E is .packed wittv glass wool wetted with the same solution. He 
soaks 4^awing j^aper for half an hour in a i ^er cent, solution of 
mercuric chloride, dries it aifd cuts into, strips. An making standards 
ttie total volume of arsenic solution and water in the bottle is always 
40 C.C., and there are then added 2 c.c, of pure sulphuric acid and 3-4 g. 

of zinc. In testing de-arseni- 
cated vitriol, 40 c.c. of w,ater 
is used, 0-5 to 2*0 c.e. of the 
vitriol, pure sulphuric acid to 
make up a total of 2-0 c.c., and 
3-4 g. of zinc. The further 
procedure is identical witlf^that 
of Sanger and Black. ' 

D. Bettendorfs Test. 

A few drops of the solution 
to be tested are added to 
of concentrated hydrochloric 
acid, and c.c. of a solution of 
stannous chloride dissolved in 
an equal weight of strong 
hydrochloric acid added to the 
mixture. If arsenic be pre.sent 
the solution quickly turns brown, 
and a dark precipitate of metallic arsenic gradually separates out. The 
change occurs more readily on warming the solution. The reaction 
does not take place with aqueous solutions of arsenious acid, but only 
with the arsenious chloride which is formed from it in the presence of 
strong hydrochloric acid. Hydrogen phosphide and antimoniuretted 
hydrogen are not r^^duced by stannous chloride, and consequently do not 
interfere with the test. ’ 

According to Messcl,i o-Oi As./Ij in i c.c.^ sulphuric acid may 
be detected by this method. ^ 

The “tin foil test;^” which consists in the addition of strong hydro- 
chloric"' aefd to vitriol, then tin foil, and warming the solution, is 
practically identical with th6 Bettendorf test. 

Other tests have been proposed by Donath- and by Scybel and 
.Wikander.^ ir' • 

1 /. Soc. CAem. Ind., 1901, 20, 192. 1897, 3(^1664. 

' ' ^ Chem. Zeit.t 1902, 26 50* 
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Quantitative DEfERMiNATioN oe SuLPiiURicy Acid a^d 

t OF I'll'S iMrURITJES. ^ 

• I . 

Free Sulphuric acid is determined almost exclusively by titratiofi 
with a standard solution of sodium hydrpxide ; the gra.viipetric deter- 
mination by precipitation as barium sulphate is much less exact, and 
ir^fludcs, moreover, any combinccf sulphilric acid which may be present. 
On the other hand, the vojftmcftric method inc*ludes, as sulphugc acid, 
other acids present in the free state, but in commercial sulphuric acid 
the quantity of such other acids Inay be neglected. The process 
desq^^bed on p. 497 mdst be employed fof nitrating ?:*id sptnt^icids. 

For the volumetric cletermination, 2 40 3 the acid is weighed off 
in a bulb pipette (Fig. 201); pipetting concentrated sulphuric acid is 
precl uded by reason of its viscosity. The outside of the pipette is 
caretuTiy cleaned, the acid then allowed to flow into a relatively large 
volume of water, and the pipette? re-weighed without washing out. The 
Ig^ipctte need not be cleaned ^ind dried for further determinations ; it 
sufiices to wash it (^ut several tinges with the Tresh acid to be tested. 

Working with the quantity ^^f acid given above, it is best to 
titrate with normal sKdium h)4d,roxidc solution. The most satisfactory 
indicator is methyl orange, used sparingly {cf, p. 39), at the ordinary 
temperature and# not in a warm solution. The amount of nitrous acid 
present in commercial vitriol does not interfere with the titration, but 
when larger quantities are present excess of standard alkali must be 
added and tlie liquid titrated back with standard acid. 

Sulphurous acid, if present in appreciable quantity, is best 
deterntined by means of iodine (p. 401). Should nitrogen acids be 
•present, sulphurous acid can only exist in traces, and cannot in such 
cases be determined quantitatively. , 

Nitrous acifl (Nitrosyl-sulphuric acid), if present to any considerable 
cxteTit, is dctci;mined by potjfssium permanganate (p. 412). Such small 
amounts as cannot •be determined with certainty either by per- 
manganate or by tile jivtrometer, may* be estimated colorimetrically. 
Of the various methods p*roposcd for this purpose, that in which the 
modified Griess reagent t[a-naphthylamine and sulphanilie a<id) is 
used, is the best.^ * • 

Lunge and Lwoff“ found that a large excess of this reagent is neces- 
sary in order to obtain reliable colorimetric result, %and that in the 
absence of such excess the intensity of the coloration increases much 
less rapieJV percentage of nitrous acid preser^t. UiWer suitable 

conditions and with at least one hundred times the quantity of reagent 
* • • * 

^ Ilosvay, BuIITSoc. Chew.^ 18^4, II, 216. • ^ 

Z. angnv. Chem.^ 4 ^ 4 , 7 . 34® ; the whole of the literature relating to #the suliject is given 
in this paper. 
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theoretically nec(?>sary, the intensity of the coloration corresponds to 
the percentage nitrous acid. By observing ^he details given below 
for the preparation of fresh f reagent, the additiin of i c.c. suffices in 
all cases to which the colorimetric method is applicable — that is, to 
dilute solutions. 

As is well known, the red coloration produced by the action of very 
minute traces of nitrous acid only Appears after some time, and in- 
creases in intensity for several hours. Thi-j might appear to be a draw- 
back in the application of the test for c6lorimetric dcierminations, but it 
is not really so, for if all conditions, more particularly the time allowed 
for react;,on,«are erual, the colour intensity and percentage of nitrous acid 
remain comparable. If it be desired, therefore to compare a solution of 
unknown strength with a known standard solution, it is only necessary 
to treat both with the reagent at the same time ; the comparison may 
then be made either at the end of five minutes, or of half an nour, or 
after twenty-four hours, and always with the same result; for though the 
absolute colour intensity continually increases, the relative values remaii^ 
the same. 

f 

In the case of aqueous solutions the comparison may usually be 
made immediately, or at all events in ? quarter of an hour, after the 
addition of the reagent. The presence of free mineral acid even in 
traces retards the reaction and renders the coloration less intense ; a 
large amount entirely stops the reaction. This is due to the fact that 
the coupling of diazonium compounds is more or less inhibited by 
the presence of mineral acids. This difficulty is readily and com- 
pletely overcome by adding sodium acetate in sufficient quantity to 
take up the whole of the mineral acid. The sodium acetate employed 
must, of course, give no coloration with the reagent. A “normal 
solution” for purposes of comparison must be prepared for the test. 
Dilute aqueous solutions of sodium nitrite are not suitable, owing to 
their instability. The nitrous acid is therefore employed in the form 
of the perfectly stable nitrosyl-sulphuric acid, and the “normal solution” 
is prepared by dissolving 00493 S- 5odIum nitrite (=10 mg. N) 
in 100 c.c. of water and adding 10 c.c. of the solution to 90 c.c. of pure 
sulphuric acid ; the solution thus contains i/ioo mg. of nitrite nitrogen 
per c.c. , 

In carryinjg out the test, i c.c. of the “reagent” diluted with about 
40 c.c. of water is placed in each of two colcrimete’' cylinders ; to the 
one is added 5 g. of solid sodium acetate and i c.c. of the “normal 
solution,” to the other, 5 g, sodium acetate and i c.c. of the tcid to be 
tested, and the whole well mixed so tiiat the nitrous acid may react 
with the reagent at the moment of liberation. The colorations 
produetjd may be compared when desired; as a, rule, five minutes’ 
standing will prove suffie'ent. It is unnecessary and disadvantageous 
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to warm the solutions, which arc best mixed \fy means of glass> 
tubes blown Below iijrto a bulb corresponding to th^ inside diameter 
of the cylinders, as*in the ‘Nesslar ietk for ammonia; by moving 
these stirrers up and down three or four times efficient mixing Is 
secured. • • • - 

The “reagent” is prepared by dissolvin'^ o i(X) g. pure white 
o^-iicPphthyl amine in lOO c.c. of water by boiling for one-quarter hour, 
adding fo this solution $ bf glacial acetic acid, or the ecj^iivalent, 
quantity of weal<er acetic acfd, followed by a ^solution of i g. of 
sulphanilic acid in lOO c.c. of wat^r. Th^ mixture must bo kept in 
weli-§toppered bottlc.s! The solution readily discolours, but ei*faint rose 
coloration may be disitegarded since ii disappears when i c.c. of the 
reagent is diluted to the 50 c.c. used ]n the test ; any stronger coloration 
may be^removed by reducing the solution with zinc dust. One c.c. of 
tile reagent will, after ten minutes, indicate distinctly the presence of 
i/iooo mg. nitrite nitrogen in 100 c.c. of water. 

Nitric acid. — According fo Lunge and Lwoff, the brucine reaction 
may be cmployed*for the colorijnctric estiination of nitric acid alone, 
if the comparisons be made nob with the initial red coloration but 
with the sulphur-ytllow ccjUiyr, which a|ipears later. The solutions 
required are: — (i) a brucine solution prepared by dissolving o>2 g. 
brucine in 100 -c.c. of pure concentrated sulphuric acid ; and (2) a 
normal solution of potassium nitrate containing ,’0 nitric nitrogen 
per c.c., prepared by dissolving 0-0722 g. of the pure salt in 100 c.c. 
of distilled water and making 10 c.c. of this stock solution up to too c.c. 
with pure concentrated sulphuric acid. 1 hese solutions are best kept 
in weH-stoppered burettes fitted with glass taps; that intended for 
•the “ normal ” solution should be graduated in Jo c.c. 

The sulphuric acid to be tested may be, used directly, provided 
it is, of not less than 1-7 sp. gr. ; weaker solutions^or acids must be 
mix^d, in measured ratio, with pure concentrated sulphuric acid until 
the above strength i^ approximate!;^ attained (c/. p. 432) ; thus \\iater 
alone will require thb a^Idition of three times its volume of concentrated 
acid. * ^ 

Narrow 50 c.c. graduate cylinders of pure white glass are* errfj^loyed 
in comparing the colours ; the graduatecTpoftion should be about 24 cm. 
in length, and the cylinder should extcaid a furthtr 10 cm. beyond the 
last graduation mack, to sfllow for mixing. •The IIelme»cyiindcrs, which, 
arc furnished with side taps at a height of about 5 cm. from the bottom, 
are very Convenient. An actual colcA'imetcr will, (^f courfc, give the 
most accurate results {cf. p. 181). 

The test i^madc as follows: — i c.t:. of the noj-mal solution and i c.c. 
o^'brucine soluti^w are placed in one of the cylinders, and pure coji- 
centrated sulphuric acid added up to th*e 5?) tc.c. mark ; the mixture is 
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V then transferred td'a flask and heated to 70° to So'’. When the colour 
has changed to sMphur yellow the solution is cpoled and returned to 
the cylinder. Tne solution(to be tested is treated similarly, either 
alone or after admixture with more concentrated sulphuric acid, as 
ascertained by a preliminary test. Part of the solution is then 
poured away, or run off through the side tap, from one or other 
of the cylinders until the depth of colour is the same in each ; 
the result is ‘'then obtained in the iiViuai way by calculation from 
the measure of normal .solution requited per given volume of the 
unknown .solution. 

Selenhus'acidj^'according td Lunge,^ has no effect on brucine. 

In the presence of appi'cciablc quantities of h'on salts such as may 
occur, for example, in certain makes of concentrated sulphuric acid, the 
brucine test is less delicate, and the colour changes produced are jyot 
identical even when equal quantities of nitric acid are present. 

Lead. — Concentrated acids are diluted with an equal volume of 
water and'' twice the volume of alcohol, add allowed to stand for some^ 
time. The precipitated lead sulphate is filtered off, washed with 
dilute alcohol, dried, and ignited. The precipitate should be separated 
from the filter paper as completely as possible ; the paper must not be 
burnt off in a platinum crucible, i g. J^bSO,^ = 0‘6832 g. Pb. 

Iron. — If the quantity present is not too small, titration with per- 
manganate may be employed after first reducing the iron to the ferrous 
state. This reduction may be carried out in many ways. The most 
usual method is by means of chemically pure 7dnc, which should 
always be tested for freedom from iron, the reduction being hastened 
by warming, and carried out in a flask fitted with a Bunsen valve,-or still 
better with a Contat bulb (P'ig. 20, p. 63), or, according ‘to Winkler, by 
wrapping a zinc rod wUh platinum wire. The reduction is complete 
when a drop of the .solution, withdrawn by the aid of a capillary tube, 
produces no red coloration with potassiuih thiocyanate. The soliftion 
is allowed to cool, poured through a funnel provided with a platinum 
cone or nearly closed by a glass .stopper (no^’^hrdugh filter paper), to 
keep back the zinc, the flask and undi^solved zinc washed with 
thoroughly boiled, air-free water, and the .solution titrated. Should the 
zinc contain iron, a blank experiment must be made on at least 3 g. of 
the zinc, a weighed quantity of this taken for the reduction, and the 
^ operation continued until alPthe zinc has been’ dissolved. 

SkrabaH employs about one hundred parts of zinc for each part 
of iron present, from which it will be seen that the smallest trace of 
iron in the zinc may lead to very appreciable error. Any titanic acid 
present will also be rc*duced by the zinc, and must consequently be 
taken into account. ' 

1 Bfr., 1887, 20 , 2031. ^ ' 


2 Z, anal. Chtm.^ 1903, 42, 359. 
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Ebeling^ proposes to add a little thiocyanate tb the iron solution^ 
itself in orderlo ascertain when reduction is complete ythe heating being 
continued until the’red colbratioia has' disappeared. Volhard" has 
shown that this is unsuitable, partly because the thiocyanate ‘is 
destroyed in the process, and partly* b(;cause traces cyf iron require a 
comparatively large excess of thiocyanate for ,their detection. Other 
g;ietfiods of reduction possess no advantages over the use of zinc for 
this purpose. ^ ^ 

In the forego'ing and analogous cases it is advisable to use N/20 
potassium permanganate solution, f)repar<Kl by diluting the seminormal 
soU’^Jon (p. 59); I (?.c. will corresponcf to 0 0027^2 g.'Fe.^ Further, 
a considerable quantity of the acid, ^ay 50 c.c., should be employed 
for the test, since as a rule the jc]uantity of iron present is very 
small. 


Fo?**very small amounts of ij;on the colorimetric ferric thiocyanate 
method may be employed. It* is scarcely possible to obtain nitric acid 
absolutely free from iron for*oxidising the iron in the solution to be 
tested to the feiyic state, but. this difficulty may be overcome by 
employing as pure an acid a‘i possible, working only with small 
quantities, and mailing a bjaqk test for comparison. The best results 
arc obtained under the following conditions worked out by Lunge.’ 

Glass-stopp»red 25 c.c. cylinders of perfectly colourless glass, gradu- 
ated in c.c. divisions, are employed in the test. The total height of 
each cylinder is 17 cm. and the internal diameter 13 mm.; to facilitate 
mixing, the graduated portion docs not reach beyond a point 5 cm. below 
the stopper. The cylinders should be as similar in size as possible, so 
that equal volumes reach to the same height in each. At least three 
cylinders are r\:quired ; it is preferable to have four or six. 'I'hc neces- 
sary reagents arc: (i) a 10 per cent, solution Qf potassium thiocyanate; 
(2) pure ether* (3) a solution of ammonium iron alum prepared by dis- 
solving 8'634*g. iron alum iti a litre of water, and diluting i c.c. of this 
solution to 100 c.c. ; fhe solution wiU thus contain 0 010 g. Fe per.litre. 
This dilute .solutiofi s^®n decomposes, especially in the light, and can 
only be kept for a few days even in a dark place. The stronger solution, 
containing the 8-634 g. irSn alum per litre, may be kept for ’a consider- 
able time if protected from air and light, and if, in preparing the 
solution, 5 c.c. of pure concentrated, sulphuric^ acid added before 
filling to the litre mark. * The quantity of ^ulphurio'Acfd tlius introduced 
into the test scarcely amounts to i mg., and is therefore negligible ; 
(4) purcViitric acid as above. • , • 

Fifty c.c. of the diluted sulphuric acid is taken for the test and first 
oxidised by 'vvarming with exactly c.c. of nitric acid. At the same 

^ m * * 

* Z. ange 9 >. Chent.^ 1901, 14, 571. ^ 190*1, 14, 609. • 

, 3 Ibid.^ 1896, 9, 3 * * • 



454 


MANUFACTURE OF SULPHURJC ACID 


time a second i c.<j, of nitric acid (4) is diluted to 50 c.c, with distilled 
water, Should tlfe experiment indicate later ihett the sulphuric acid 
solution should be still furthf^r diluted, I'he nitric acid solution must 
also be diluted to the same extent, so that in both cases the amount 
of iron introduced with the nitric acid will be the same. Any nitric 
acid which produces n]ore than a very faint reddish tinge with the 
thiocyanate solution must be rejected. * • 

Exactly 5 c.c, of the prepared solution ^'f the sulphuric acid to be 
tested is then placed in one of the stoppered cylinders (A), and 5 c.c. 
of the diluted nitric acid in a second cylinder (B). To the latter a 
suitable quantity, a^y i c.c. of the iron alum solution, is then added from 
a burette, and to A an equal volume of water, so that the solutions in 
the two cylinders are brought to the same dilution. Five c.c. of the 
thiocyanate solution are next added to each solution. Both mixtures 
will redden, but the coloration is frequently of a somewh^ft dirty 
yellowish red, and its intensity Dears no lelationship to the iron content 
of the solution. Finally, 10 c.c. of ether is added to each cylinder^ 
and the contents thoroughly agitated. The aqueous solution contains a 
double thiocyanate of potassium ancl iron. This double salt is split 
up on shaking with ether, which dissolves only ore preferably the iron 
thiocyanate, as is evidenced by the rose-red coloration of the ethereal 
solution as compared with the yellowish red of the aqueous solution. 
Shaking must be continued until the aqueous layer becomes colourlcs.s. 
The ethereal .solution gradually darkens in colour, presumably owing 
to a further splitting up of the double thiocyanate ; the solutions 
should therefore be prepared in rapid sequence, and preferably only 
compared after standing for .several hours. 

Differences of considerable magnitude are detected immediately, so 
that it only becomes necessary to employ, in addition to the cylinder A, 
containing the sulphuric acid solution, two other cylinders, B and C, to 
which have been added the approximately correct quantities of iron 
alum solution ; the final comparison, however, isf as stated, not made 
for some hours. The solutions snould not be allowed to stand too long, 
for instance, over night, for it sometimes happens that after long 
standing the ether becomes nearly, or even perfectly, colourless, only a 
strongly coloured narrow zone of liquid remaining at the dividing line 
between the ether and ,thc water. This only occurs occasionally, and is 
to be attributed ^9 f'aces of impurities presentdn such extremely small 
quantities that they cannot be identified. 

The degree of accuracy of the method may readily be brought to 
±0>i c.c. iron alum solution, that is, to ±0 000001 g. Fe, on the 5 c.c. of 
solution taken, provided the volume of aluiif solution used does not 
exceed 2 c.c., equivalent to 0-00002 g. Fe. That is,4;he reading may 
be made to 1/20 of the to^a’ iron present; this may be looked upon as 
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satisfactory, where only thousandths or hundredths a percent, come^ 
into account. • It is ndt, however, sufficient for aporeciably^grcatcr 
amounts, and for suchHhe volumetric; method must bef employed. 

The above degree of accuracy may be attained without difficulty by 
merely examining the ethereal layer by transmitted light. The com- 
parison may be made more accurate by looking through the ethereal 
laves obliquely from above, or b}? holding the cylinders a little above a 
wiiite surface, and looking# thi»ough the full clepth of •liquid^ in the 
cylinder. This plhn is much bt*ttcr than allowing the cylinders to stand 
on the white surface. Colorimeters, as ordinarily constructed, arc not 
suited for this particifiar determination,'* no provisio>i bemg jnade for 
.shaking, preventing loss of ether, ctc.^ but one specially suitable for 
tfiis purpo.se has been de.scribed by Stokes and Cain.^ Seyda^ has 
described a method differing but little from the above, and intended for 
use inh'h^ examination of water. 

Hydrochloric acid. — Ten c.'c. of the ^cid is boiled in a small flask 
and the vapours evolved conducted to the surface of vvatcr con- 
tained in a second fla.sk. The liydrochlorit acid is dissolved by the 
water, and may be determined b\y titration with alkali or with A^jio 
silver nitrate solutioij. , ^ • 

Arsenic. — About 20 g.*of the acid is diluted with water, the 
solution filtered /rom any precipitated lead sulphate, and then treated 
with a current of sulphurous anhydride until the solution smells 
strongly of the gas, to reduce all arsenic compounds to the arsenious 
condition. Prolonged action and a considerable excess of sulphur 
dioxide are necessary for the reduction. The excess of sulphur dioxide 
is removed by heating, aided by a cunent of carbon dioxide, the 
•solution exactly neutralised by addition of sodium carbonate and 
bicarbonate, and titrated with jVj 10 iodine and starch solution till the 
colour change lo blue occurs. One c.c. of the iodine solution corre- 
S])o«ds to 0-00495 "• As.^O^.* Iron must first be rcm*oved should it be 
present in appreciable^ quantity. 

The presence of* le^cf;!, antimony,* cdpper, platinum, etc., somewhat 
complicates the determina«cion.'* 

According to Bockmanfi, the reduced solution. Treed from excess of 
sulphur dioxide as above, is treated fcfr S4)me hours at a moderate 
temperature with a current of sulphuret^ted hydrogen, which precipitates 
the arsenic and o^her n>etals which yield sulphides i^isojuble in acid 
solution. The precipitate is filtered off and well washed, at first with* 
water reitdered slightly acid with hydrochloric acid^and th^n with hot 
water until the washings leave no residue when evaporated on platinum 
foil. •The precipitate, which contains arsenic sulphide and antimony 

^ • • 

^ ‘ /. Amer, Soc., 1909, 29, 409. “ C/ient. Zn/., 189^, 22, 1086. • 

L, M‘Cajr,y, Atner. 7 ) 
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sulphide, is dried and weighed. It is then moistened with cold water 
and, wh^en thorocighly damped, extracted witli dilute ammonia. The 
residue remaining on the filter, <"onsisCng of Sulphur and antimony 
sulphide, is washed with hot water, dried, and weighed as above. The 
difference between the two weights gives the content of arsenic sulphide 
sufficiently accurately for technical purposes. 

Hattensaur^ uses a modification of the same method. Very minute 
quantities .'^f" arsenic are estimated approximately by the Marsh- 
Berzelius or the Gutzeit test {cf. p. 433 ct scq^^ 


Fuming SuLrriuRic Acid (Aniivdpide, Oleum) 

Fuming sulphuric acid is generally regarded as a solution of sulphur 
trioxidc (sulphuric anhydride, SO3) in sulphuric acid moiv^ctTaTe 
As a matter of fact, the chie-f constituent is generally pyro- 
sulphuricMcid (H2S2O7), and the so-called 45 per cent, oleum consists 
entirely of this. The oth:;r varieties^below 45 per cent, are mixfures* 
of pyrosulphuric acid with monohydrate, and those above 45 per cent, 
mixtures of pyrosulphuric ac’d with anhydride. T\\q strength is always 
given as percentage of anhydride, no account being taken of the presence 
of pyrosulphuric acid. The latter is looked upon, from the analytical 
standpoint, as a mixture of fifty-five parts HoSO^ with forty-five parts 
SO3. 

Properties of fuming sulphuric acid. Pyrosulphuric acid, 
and those acids near to it in composition, that is acids from slightly 
below 40 per cent, up to nearly 60 percent. SO3, arc solid ; those ranging 
from 0 to nearly 40 per cent, and from 60 per cent. ,to 70 per cent. 
SO3 are oily liquids. From 70 per cent, upwards the oleum is once 
more solid, until it finally passes to pure anhydride. 


Melting Points of Oleum. Knretsch.^ 


I’er cent. 
SO... 

MeltiiiK Pol’-t. 

Ter cent. 
SO,. 

Mellini; Tonit. 

Pit Cf'iit. 
.SO,. 

Meltiiij' Point. 

0 

5 

10 

15 

20 

25 

80 

MO 

+ 3*5 " 

4-p. 

11*2 
-IDO 
- 0-6 
+ 15*2 

35 

40 

U 

50 

55 

60 

65 

+ 26-0 

1 33-8 
+ 34’8 
+ 28-5 
+ 18'4 
+ 0-7 

-I- 0-8 

70 

75 

80 

85 

90 

95 

100 

1- 9*0 
^■^7•2 

1-20*0 

f 33-0 (27 -Oy 
+ 34 *0 (27 '7) 

+ 3*V0 (26*0) 

+ 40*0 (17*7) 


^ 7,. argeiv. Chem.y 1896,.^, 130. , 

- Ber.^ 1901, 34; 4100. The figures^in brackets are the melting ^points of the fresh non- 
polymerised acids. 
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Boiling Points of Oleum. Knietsih.^ 

• • 


SO 3 , Total, 
por cont. 

^ 80.J, Free, * 
per cent. 

loiliiij; Point. 

Bar(!^etrlc Pres.sure, 
Afm. 

82*3 

3*64 

2''i2 

.759 

83-4 

9-63 

170 

759 

86-45 

26-23 

• 

759 

89-5 

42-84 ! 

92 

759 

• 93-24 

63*2^^ . ' 

GO • 


99-5 

97-4 , 1 

43 

759 



. _ . _ 

it - 


• * Specific Gravity of Fuming Sulphuric Acid at'35X. 
^ ^ Knietsch-^' ^ 


Total SO. 

It'ret! SO . 

Sjiecitic 

Total SO-, 

Free SO , 

HjiCCldC 

• •• Jit'S efiiit. 

per cent 

CJravity. 

per cent. 

l»er cent 

(Iravily. 

81-63 

0 

♦ • 

1-8186 

91-18 

52 

1-9749 

81-99 

2 

1-8270 

91-55 

54 

* 1-97G0 

• 82-36 

4 

1-8360# 

91-91, 

56 

1-9772 

82-73 1 

S 

1-8425. 

92-28 ' 

58 

1-9754 

83-09 

8 

1-8498 

92-65 

GO 

1-9738 

83-46 

10 

1-8565 ' 

93-02 

62 

1-9709 

83-82 

12^ 

1-8(‘JJ7 

9^-38 

64 

1-9672 

84-20 

14 

1-8692 

93-75 

66 

1-9636 

84-56 

16 

1 -8756 

94-11 

68 

1-9600 

84-02 

. 18 

1-8830 

91-48 

70 

1-9564 

85-30 

20 

1-8919 

91-85 

72 

1 -9502 

85-60 

22 

1 -9020 

95-21 

74 

1-9442 

86-03 

24 

1-9092 

95-58 

76 

1 9379 

86-40 

26 

1-9158 

95-95 

78 

1-9315 

86-76 

28 

1-9220 

96-32 

80 

1-9251 

87-14 

30 

1-9280 

96-69 

82 

1 9183 

87-50 

32 

1-9338 

9"-05 

84 

1-9115 

87-87 

34 

1 -9405 

97-42 

86 

1-9046 

88-24 

• 36 

1-9471 

97-78 

S3 

1 -8980 

88-60 

38 

1-9534 

98-16 

90 

1-8888 

88-97 

40 

1-9584 

98-53 . 

92 

1-8800 

.89-33 

• 42 

1-9612 

98-90 

94 

1-8712 

• 89-70 

44 

V9643 

99-26 

*96 

1-8605 

90-07 

• 46 

1-9672 

99-63 

98 

1-8488 

90-44 

48 • 

1 9702 

100-00 

100 

1-8370 

90-81 

50. . 

• 

1-9733 

• • ... 




This tabic may be usc^ in calculating the quantity of conctinlrated 
sulphuric acid to be added to an oleun! to»obtain an oil of any desired 
lower strength in free SO... Gerster^^ gives th« followjng formula for 

this purpose : — • • • 

h — a 

X — lOO - 

.where x represents the quantity of sulphuric acid to be added to 

100 ^arts of the oleum, a the total SO3 per ioo*4)arts of the acid desired, 

^ • • 

^ 1901, 34, 4110. ^ //W., 4101! 
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Table of Density and Composition of 


Donsitj 

2074‘\ 

A 

Free 

hO.i 

Il2S()4 

lIoO. 

Total 

80,. 

Total 

lIj.S(;4. 

Acid of 
65-5 B. 

Acid ul 
()0B. 

,1 

Acid of 
53 IJ. 

Acid of 
50 B. 

Oleum 
‘20 per 
cent. 

Oleum 
30 per 
cout. 

Oleum 
GO per 
cent. 

1 'SSOO 

41 

Per 

eoiit 

0 

Per 

cent 

100 

Per 

cent. 

18*367 

Per 

cent. 

8. *633 

’’er 

cent. 

loo-ooc 

P.V 

cent. 

74*85 

per 

cent 

50,*;)0 

Per 

cent. 

40*50 

Per 

cent 

37*51 

Per 

cent. 

0 

I’er , 
cent. 

0 

Per 

C“<lt. 

0 

1 

41 

^1 

99 

18*181 

81*816 

100*2*25 

74*10 

50*09 

40*10 

37*14 

5 

3*33 

1*67 

1*8472 

40 

2 

98 

18*00u 

82*000 

100*450 

73*35 

19*59 

39*69 

36*76 

10 

6*67 

3*33 

1*8512 

40 

3 

97 

17*816 

82*181 

100*675 

7*2*60 

49*08 

39*29 

36*39 

15 

10*00 

5*00 

1*8552 

39 

! 

96 

17*633 

82*367 

100*900 

71*85 

48*58 

38*88 

36*02 

20 

13^3 

6*67 

jl*8591 

39 

f; 

95 

17*119 

82*5l'l 

1 of 1*25 

71*10 

45 07 

38*48 

35 *6 1 

25 

16*67 

8*33 

1*8630 

39 

6 

91 

17*265 

82*735 

101 *350 

70*35 

47*56 

38*07 

35*26 

30 

-20*00 

10*00 

|l*8G60 

38 

7 

93 

17*082 

82*918 

101 *575 

69*61 

47*06 

37*66 

34*89 

35 

<«1*33 

11*67 

!l*8707 

1 

38 

8 

92 

16*898 

83*102 

101 *800 

68'S6 

16*55 

37*26 

34*51 

10 

26*67 

13*33 

1*8745 

37 

9 

91 

16*711 

83*286 

102*025 

68*11 

46*01 

36*86 

31*13 

15 

30*00 

15*00 

|1 *8782 

37 

10 

90 

16*531 

83*16;) 

102 **250 

67 *€6 

15*51 

36*15 

33*76 

50 

33*35 

16*67 

1*8819 

37 

n 

89 

16*317 

83*653 

102*475 

66*61 

15*03 

36*05 

33*39 

55 

36*07 

18*33 

1*8850 

36 

12 

88 

16*163 

83*837 

^102*700 

65*86 

44*53 

35*65_ 

33*01 

60 

40*00 

‘20*00 

1*8892 

36 

13 

87 

15*980 

81*020 

102*925 

65*11 

11 02 

35*21 

32*61 

65 

43*33 

21*67 

1 *8928 

35 

11 

86 

15 *796 

81*201 

103*150 

61*36 

13*52 

31*83 

32*26 

70 

46*67 

23*33 

1*8963 

35 

15 

85 

15*612 

81*388 

103*375 

63*62 

13*01 

31*43 

31 *89 

75 

50*00 

•25*00 

1*8998 

35 

16 

84 

15*129 

81*571 

103*600 

62*87 

42*50 

31*02 

31*51 

SO 

53*33 

26*67 

1*9033 

31 

17 

83 

15*215 

84*755 

103*8*25 

62*12 

42*00 

33*62 

31*11 

85 

56*67 

28*33 

1*9067 

31 

18 

82 

15*061 

81*939 

101*050 

61*37 

41*49 

33*21 

30*76 

90 

60*00 

30*00 

1*9101 

33 

19 

81 

14*878 

85*1*22 

101*275 

60*63 

40*99 

32*81 

30*39 

95 

63*33 

31*67 

1*9131 

33 

20 

80 

11*691 

85*306 

101*500 

59*88 

40*18 

32*40 

30*01 

100 

66*67 

33*33 

1*9167 

33 

21 

79 

11*510 

85*190 

101*7*25 

59*13 

39*97 

32*00 

29 * 64 ' 

98*75 

70*00 

35*00 

1*9200 

32 

22 

78 

11*327 

85*673 

101*950 

58*38 

39*17 

31*60 

29*26 

97*50 

73*33 

36*67 

1*9232 


23 

77 

11*113 

85*857 

105*175 

57*63 

38*96 

31*19 

28*89 

96*25 

76*67 

38*33 

1*9261 

31 

21 

76 

13*959 

86*041 

105*100 

56*88 

38*45 

30*78 

28*51 

95*00 

80*00 

40*00 

1*9295 

51 

25 

75 

13*776 

86*221 

105 •6*27' 

56*14 

37*95 

30*^8 

28*14 

93*75 

83*33 

41*67 

1*9326 

31 

26 

71 

13*592 ' 

86*408 

105*850 

55*39 

37*44 

,.9 97 

27*76 

92*50 

86*67 

43*33 

1*9357 

30 

27 

73 

13*128 

86*592 

106 075 

54*63 

36*93 

29*57 

27*39 

91*25 

90*00 

45*00 

1*9387 

30 

28 ■ 

■ 72 

13*221 

86*776 

106*300 

53*89 

36*13 

*29*16 

27*01 

90 *00 

93*33 

16*67 

1*9117 

29 

29 

71 

13*041 

86*959' 

106*525 

53*11 

35*93 

28*76 

26*61 

88 *^^5 

96*67 

48*33 

1*9446 

29 

30 

70, 

12*857' 

87*143 

106**^50 

52*39 

35*42 

28*35 

26*26 

87*50 

100*00 

50*00 

1*9475 

29 

31 


•"2*er,3 

87*327 

'106*975 

51*64 

34*91 

‘27*91 

2o*88 

86*25 

98*57 

51*67 

1*9504 

28 

32 

68 

12*490 

87*510 

107*200 

50*90 

34*11 

27*54 

25*51 

85-00 

97*15 

53*33 

1*9532 

28 

33 

' 67 

12 *-'^06 

87*694 

107*4'25 

50*15 

33*90 

27*14 

25*13 

83*75^ 

95*71 

55*00 

1*9560 

27 

34 

66 

12*122 

87*878 

107-650 

49*40 

33*39 

26*73 

24*76 

82*50 

^94*28 

56*67 

1*9587 

35 

0 

65 

11*939 ' 88*061 

* 

107 *87^ 

48*65 

32*89 

26*33 

24*39 

31*25 

92*86 

58*33 


f 


^ MomU ScienUy 1913 , 
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Fuming Sulpliuric Acid of 20" C. Gavelle.' 

• I 


Oleum 




1 

1 Li^ro contaiiis in Kilogrammes. 
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70 per 
cent. 

Free 

80 .,. 

TIoS()4 

TT. 2 O. 

Total 

SO,. 
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Acid of 
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Acid ol 
.’iSB. 

Acid of 
50 B. 

Oleum 
20 per 

cent* 
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cent. 

• 
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b the total SO^ per lOO parts of the original strong oleur^, and c the 
SO3 per 100 parts of the acid used for dilution. The vatues for a and h 
are taken from t^.e table; c is obtained by multiplying the percentage 
cf H2SO4 present in th 6 acid used for dilution by o-8i6. See also 
Prats.^ 

Impurities. These may be the same as those present in ordinary 
sulphuric acid, but since fuming acid is now made exclusively by the 
contact^ tprnress, they will only occur in inconsiderable quantity. The 
examination for these impurities is caftied out exactly as in the case 
of ordinary sulphuric acid (p. 429 ei seqi). 

Quantitative Analysis of Fumirig Sulphuric Acid. ’ 

The sampling of oleum is a matter of some difficulty.^ With 
liquid oleum, or with the partially er completely crystalline products 
up to 45 per cent. SO3, which may be liquefied without danger by 
warming to 30” in closed vessels 013 the sand-bath, the difficulty is 
not very great. In works the soldered leaden 'vessels containing 
the acid are usually stored in a warmed room, so that the contents 
are always liquid. It is advisable touemove the stopper or other 
seal before warming, and to substitute a watch-glass ; this does not 
cause any appreciable loss of SOj and checks the development of 
pressure, which might easily lead to an accident on removing the 
stopper. 

Products rich in SO3 cannot be completely liquefied by warming. 
A jelly-like residue always remains, but as this possesses the same 
composition as the liquefied portion, the sample may be drawn from 
the latter. 

The portion for analysis is taken from these larger samples. 

Solid oleum (pyrosulphuric acid) must be liquefied in the shmple 
bottle by gently warming, before being withdrawn by Vhc pipette for 
ana 4 ysis; it will then remain liquid sufficiently long to allow of its flow- 
ing from the pipette even after weighing. AcCual anhydride and oleum 
approaching this sUength cannot be handled in this manner, as they 
fume 100 'much. In such cases Stroofs method may be followed. 
This consists in weighing .several portions of the anhydride in a gla.ss- 
stoppered bottle, and then adding a weighed quantity of accurately 
• analysed monohydrate sufficient to produce an oleum of about 70 
per cent, which is liquid at the ordinary temperature. Solution is 

^ Chem. Zeit.y 1910, 34, 264. 

Cf. Fiirstenau, Chem. 1880,4, Moller, 7/^?V.,,i88o, 4, 569; Becker, V^r/,, 1880, 
4, 600 ‘Winkler, Chem. Jnd.^ 1880, 3, 194; Clar and Gaier, /W., 1881, 4, 2 <^l ; 
R^senlecher, Z. anerJ. Chem,., 1898, 37, 209; Setlik, Chem. Zeil.^ 188^13, 1670 ; Rabe, Chem, 
Zeit.y 1901, 15, 345 ; Sulphuric A'ta and Alkali^ I, p. 358 et seq. 



FUMING SULPHURIC ACID 461 

hastened bj^ warming to 30° to 40" with the stoppej placed loosely in 
the bottle. The anaiylis of the mixture is then carried out in the^ 
ordinary way. | , ^ 

The value of an oleum depends chiefly on the content of frep 
anhydride, SO^; the results arc accordingly calculated in the follow- 
ing manner. First, the total acidity is* determined by titration and 
calcHlated to SO-j; the differcn'Cc between loo and the percentage 
so obtaified is regarded as^water, for each i8»i ‘parts ofj^ijneh 8o-o6 
parts SO^ are neCessary for tl'fe formation of IFSO4; after^l water* 
has been allowed for in this way,* any regaining is taken as 

free^ anhydride. It miftt not, however, be-forgotten thjvt otlier substances 
may be present in addition to the water^c.spccially sulphurous acid, SOg, 
which, as will subsequent!/ be seen, consillcrably affects the result. 
Solid constituents, in more than traces, arc also occasionally present ; 
these ihi^t be determined and the percentages obtained deducted from 
the water value, otherwise the result obtained for the percentage of 
free SO., will be too low. 

The analysis of fuming sulphuric acid or ‘anhydride is carried out as 
follows: — 

The oleum is weighed off in tared, thin-nvalled bulb tubes of about 20 
mm. diameter, drawn out at both ends to form long capillaries. Three 
lo 5 g- Ihe mcjtcd, completely homogeneous oleum, which is sufficient 
nearly to half-fill the tube, is drawn in by the following device. 
An ordinary narrow-necked flask is fitted with a rubber stopper, 
through which passes a well-ground glass tap provided with a piece of 
rubber tubing at its free end. A partial vacuum is produced in the 
flask by suction (with the mouth), the tap closed, the rubber tube passed 
• over one of ^he capillaries of the weighing bulb, and the other 
capillary immersed in the oleum ; on opening the tap the desired 
quantity of olGum is drawn into the bulb. 

^fhe bulb i^ then clcanecf, one of the capillary ends sealed by fusion, 
and the whole wcighoid. Loss of anhydride by evapo- 
ration or absorptien ^t^f moisture fhitiugh the non- 
sealcd, capillary end docs not occur to any appreciable 
extent during the weighing. In weighing, it is "ad- 
visable to support the capillary ends o? tli^j bulb-tube 
on a small platinum crucible with two notches ^ut in 
the rim ; this wijl prevent damage to .the bal^tice 
should breakage occur. 

The Weighed bulb is then placeil yi a small Erlcn- 
meyer flask (Fig. 198), so that the bulb closes the neck and the point of 
the o^Jeti capillary dips rather deeply into the water contained in the flask. 
% this means loss of anhydride by evaporation is^excludod. The 
point of the upper capillary is then brokei-^ and after all the oleum has 
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run out the tubcf is washed by dropping water through the upper 
capillary, and finally by sucking in water several times' so as to fill the 
bulb completely^ The solution 18 diluted to c.c. and 50 c.c. taken 
4 for titration. The titration is made with N/^ sodium 

hydroxide solution (i c.c. = o-oo8 g. SO3), using methyl 
orange as indicator (not litmus). Sulphurous acid is 
determined by'titrating a second portion of the solution 
\/ith iodine solution, and the quantity found deducted 
from the total acidity ,‘'as found in the titration with 
alkali. 

Clar and Gaior weigh the anhydride (olcurq'i in a 
glass bottle (Fig. 199), 58 mm. high and 17 mm. wide, 
fitted with a long, grouncl-in glass stopper broadened 
out to a bulb above the neck of the bottle, and pierced 
on the top with a sipall hole which can be Closed by 
a small glass stopper. The interior of the stopper is 
filled with glass wool moistened slightly with w^ter. 
Two to 3 g. of the njLelted anhydride or fuming acid 
is introduced into the bottle, the stopper 
quickly inserted, and the, whole veighed. 

The head of the stopper is then weighted 
by wrapping a strong platinum wire round 
the neck, and the bottle allowed to slide, 
mouth downwards, into a suitable flask of about 2 litres 
capacity placed in an inclined position, and containing 
about 500 c.c. of water at 50'' to 60 ’. The flask is next 
placed in an upright position and covered with a watch- 
glass. It is advisable to bind the stopper to the bottle 
with thin platinum wire, to prevent its falling out. 

With suitable weighting the bottle takes up an oblique 
position in the water, the head being direcced downward^s, 
which is the best position for the subsequent operation. 

At first the warmth of the wafer expands the^aii in the 
bottle and causes some acid to escape ; later on, water is 
drawn, in. and dilutes the contents of the bottle without 
producing too violent a ‘'eaction. The dilution may 
be hastened by cooUng the flask, but shaking or other 
violent movement jr'ust be avoided. Finally, the bottle is 
'washed inside and out with water, the cooled solution 
made up to i litre, and 100 c.c titrated with A/5 alkali as ‘above. 

A very convenient apparatus for weighing fuming sulphuric acid 
or melted anhydride is the glass tap-tube recommended by Winkler 
(Fig. 200). ^ 

The conically narrowed portion ending in a capillary must be 
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aosoiuieiy aniform, and the tap, which may not be^greased, should fit 
perfectly. Tht: longer | portion of the tube is one-half, or at mosf 
two-thirds, filled by )pUCtion .with the acid to be cjkamfnedf^ the tap 
closed, and the tube then inverted so that the acid runs down to tl;e 
tap. The end of the tube is careMly cleaned with paper, and the 
tube and contents weighed in a horizontal position. I^o ‘alteration in 
weight during weighing need lie feared. Th*c tube is then placed 
with tht point downwar^js iji a beaker containing water and the 
acid allowed to enter the ‘water very gradually, the rate of the flow* 


being best regulated by means of.a screw clip. * In the case of very 
strong acids or of pu&e anhydride which will remain liquid for a con- 
siderable time, dilution is effected by allowing the acid to 
e*scape on to a layer ^f cofirsely powclereci, crystal li.sed, I 


and pei*fectly neutral Glauber’s .salt. * In this way dilution 
takes p’^ce quietly and without danger, on account of 
the water of crystallisation prc!5ent in salt. I^'inally, a 
few drops of water are allo^ved to enter the weighing- 
tub? from above, and after standing for a siiort time the 
tube is thoroughly washed oul.^ The Glauber’s salt is 
dissolved in water, ^ the solution made up to a known 
volume, and an aliciuot portion titrated. This plan does 
not, however, give quite accurate results, as the colour 
change of the indicator (methyl orange) is less sharp in 
presence of the Glauber’s salt. 

The most convenient form of weighing apparatus, not 
only for oleum but also for other liquids, such as fuming 
acids gf all kinds, ammonia, etc., which must be weighed 
out of contact, with air, is the bulb-tap pipette designed 
by Lunge and Rcy (Fig. 201 ). 

The ta[>s (f and c must fit perfectly without grease. 



To *1111 the pij:)ctte the tap c is closed, a opened,* and, 

whilst applying suction at d, closed .so that a partial vacuum is 


obtained in the buib The point* 'of the tube is then placed in 


the acid, and c opened, v/hereby the acid rises in the pipette. Care 


must be taken that it d#es not reach the tap t; all vapoi;rs are ’ 
retained in d. The tap c is then ck)se^, the end of the tube e 


cleaned, and after returning the pipette to thj? protecting tube /, 
the whole is weighed.. In the case of.stronglj^ fuming nitric acid 
and similar liquids a drop of the liquid may escape from the point e* 
during the weighing ; in such cases jt is advisable to pUce a little 
water in the tube /, taking care, however, not to insert the empty 
pipettb *befor<s the final weighing, Itist its point become wetted. The 
pipette is then jejnoved from /, the point e dipped yito wa!er, and 
the contents allowed to escape graduAllytb^ opening the tap c; a 
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little water is admitted to b through d and and the whole finally 
^washed after allowing to stand for some tim^. If only 0-5 to i g. of 
acid has been \ weighed off, the whole of the^ resulting solution is 
titrated, the result obtained being more accurate in this case than by 
diluting to a large volume andtonly titrating a portion. For larger 
quantities of adid the solutiofi must be diluted to a measured volume 
and an aliquot part titivated. 

The strongest oleum (over 70 per qent^) cannot be run into water 
directly^'Vithout undergoing loss. Sucoi acid is weighed in the bulb- 
tubes described above, both capillai*y ends fused, and the bulb placed 
in a flask containing a fairly^, large volume o^ water. The flask is 
then closed with a glass stopper, the bulb broken by shaking the 'flask, 
and after standing for some time the whole is titrated. 

For other apparatus for the weighing off and dilution of samples 
of oleum, with diagrams illustrating their mode of action, se,^ Finch,^ 
Vernon,^ and Bcrl,’^ 

Rosenkcher '^ has described the method employed at Freiberg for 
checking the process in the works. Vvkighing-tubes of the dimensions 
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shown in Fig. 202 are made from glass tubing of 5 to 6 mm. diameter; 
a number of them are prepared at one time. The ends qf the 
capillaries are narrowed to ^ mm., and for strong oleum or anhydride 
to I mm. The bulbs are filled by suction applied by the mouth 
through a capillary rubber tube fixed to the shorter capillary, a test- 
tube filled with soda crystals being interposied when necessary. Suction 
is applied until the liquid begins to rise in thq^ bulb, and is stopped 
befdre the heavy anhydride vapours reach the shorter limb. The bulb 
is then turned so that the limbs point upwards, and the bulk of the 
liquid brought into -the bulb by gentle tappii^g. Each bulb is carefully 
wiped with filter paper and supported opposite a corresponding number 
in a notched cardboard box. In weighing, the bulb is placed on a 
platinum crucible (p. 461), or held in a suitable b^ass wire support. 
• If the above dimensions of the capillaries are adhered to, there is no 
danger of moisture being absorbed or of loss by evaporation, even in 
the case of pure aniiydride. Care must, however, be taken not to warm 
the bulbs in handling, cither before or after, weighing. ^ To bring the 

^ y. Soc, Chew, Ind,^ IQIO, 29, 625, J. Ckem. Soc.y ’^910, 98 (ii ), 803. 

8 Chem. Zeil.^ 1910, 34, 428. ^ Z, anal Chetn., 1898, 37, 209. 
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acid into solution the bulb is placed in a bottle containing the indicator 
and 20 to 30^c.c. of w^ter, at the temperature o^ the room. The^ 
previously wetted gl-jiss stopper of the bottle is tjien insei4ed, the 
bottle held in a horizontal position *(the colour of the indicator shouljJ 
remain unchanged up to this time),«the stopper securely fixed, and 
the bottle well shaken until the tube fi^s been completely shattered 
and^ all white vapours have disappeared. The solution is then 
titrated in the bottle itself Xhe differences 4 n' the results obtained 
seldom exceed O115 per cfent. ^ven with rapid working.' (Tins state- * 
ment apparently relates to the tptal acidity rfnd not to the free 
anhydride.) ^ ^ ‘ 

Dftbriner and Schranz^ dissolve 6 to 8 g. of the oleum contained 
in a scaled tube by bfeakiug the tub 5 in i stoppered litre flask con- 
tj taining .about 150 c.c, of water, ar/d adding a weighed quantity of 
chcrnicallv pure dry sodium carbonate, so that only 3 to 4 c.c. of 
normal solution are required for* titrating back. By this means errors 
in the standard solution, an^l in the burette, etc., are reduced to a 
mintmurn. • • 

As already staled (p. 461), & deduction must always be made for 
sulphurous acid, which is seldom absent from commercial oleum. The 
sulphurous acid is usually chitdrmined by titration with iodine and the 
quantity found deducted from the total acidity. Lunge'’ has pointed 
out that an error may easily occur in the latter titration, unless due 
attention be paid to the indicator employed and the stage at which the 
change of colour takes place ; great differences exist between the 
various indicators in this respect. Thus with phenolphthalein the 
change occurs when i mol. SO^ has combined with 2 mol. NaOH, that is, 
,when Na.^SO.j has been formed ; with methyl orange, on the other hand, 
the change takes place when only i mol. NaOH has been added for 
1 mol. SO2, that is, as soon as NaHSO.j has been produced. Litmus 
cannot be employed, since J;hc results obtained art quite indefinite, 
lying bctweeiT the Jimits given above, nor is phenolphthalein a 
good indicator in Jhis* case, owing* t» the unavoidable presence of 
carbonate in the sodium* hydroxide solution. Ammonia is unsuitable 
for the titration. Methyl ^orange should therefore'*be used, J^earing in 
mind that i c.c. normal sodium hydroxide ^lution (0 04006 g. l^aOH) 
is neutralised by i mol. SO^ (0 04003 g. SO.^), but by a full molecule 
of SO2 (006405 g. SOgi* Consequently, for each i c.t. Nj 10 iodine 
solution required for the titration of the latter only o-o5 c.c. normal* 


alkali soUition must be allowed, and^not the equivalent ^itioo i c.c. 
If this point be neglected very considerable error* may result, since 
everything other than SOo and SQg is assumed to be water; thus 
ai^ incorrect allowance for sulphur dioxide will not only show too little 
^ Z. iifigiw. Chem.^ 1896, 9, 453. • t - 1895. 8, 22 
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trioxide, but also a corresponding quantity of water in e^ess of the 
^ real value, and sin^e the latter has to be credited with its corresponding 
amount'^:)f SO^ (p 4-443 times the quantity of ;vater), the percentage 
of free trioxide may come out very much too low. In an actual case 
the incorrect allowance for SO2 ,led to an error of 8| per cent, in the 
free SO3. Thi 5 is, however, afi extreme instance. 

If the proportion oPfree tri^xide i? calculated by means of the table 
(p. 467), ins1^i\d of by multiplying the. water by 4-443, ^ue allowance 
''must siflU^Sfiy be made for the content of sulphur dioxide. Thus, 
taking the actual oasc just referred to, analysis proved the acid 
to contain 95-21 per cent. 2-43 per cent. SO^, and 2 36 per cent, 
lip. Ilf using the table the SO^ must be left out of account, that is, 
the SO3 and Hp are tlw only factors tc be considered. It will not 
do merely to take from the tabk the value corresponding tc- a total 
percentage of 95-21 SO^; this would only give 73-95 per cent, free SO3, 
an even more incorrect result than the above. The correct procedure is 
to add the 2-36 parts Iip to the 95-21 parts SO3, giving in all 97-57 
parts of acid and water with a percentage content of 97-58 SO3. AcC-ord- 
ing to the table, it is found by interpolation that suen acid corresponds 
to 86-80 per cent, free SO.,, and 12-20 per cent. II,,SO,i. This 86-8o 
per cent, must then be recalculated to die original acid, and so allow 

for the contained SO.,, giving 

SO3 as the final value. The result obtained thus involves consider- 
ably more calculation than multiplying the percentage of water by its 
equivalent of sulphur trioxide ; it is only fair to state, however, that this 
example does not lend itself particularly well to the table, which is 
drawn up for mixtures of anhydride and water only. 

In the foregoing instance, as in all methods hitherto published for 
determining the strength of oleum, everything other thaai SO.^ and SO3 
is regarded as water. It is, however, advisable to estimate the fixed 
impurities by evaporation, since otherwise their weight multiplied by 
4-443 is erroneously deducted from the free SO,,. 

The results of the titration arc first calculated to percentage o 
total SO., (combined and uncombined witli, water), each i c.c. normal 
sodium hydroxide solution co»'responding to 0-04003 g, SO^; the ratio 
between free SO3 and the II^SO^ present may then be taken from 
the following table drawn up by Knietsch.^ Or the general formula, 

1 ^ 

so, = 3-4.443 (loo-s), 

may be employed, in which SO3 stands for the free sulphur trioxide and 
S for the total SO3, as found by ticration. ^ 


1 Ber , ifjoi, 34, 4114. 



FUMING SULPHURIC ACID 


467 


Table for finc^ng the Percentage of Free SO^ inf Oleum from the^ 

Total SO3 as aetermined by Analysis. Knietsch. / 

* • • s 


SOj 

SO., 

so, 

so. 

• 

s 

4., 

so,, • 

Total. 

Free. 

Total. 

Free. 

Total. 

Fi(>t>. 

• 

Total. 

Fi ec. 

Total 

• 

Free* 

Total. 

Fre(', 

81-63 

• 0-0 

84-7 

16-7 

87*8 

33 *6 

90*9 

^o-.> 

• 94-0 

6f -3 

97-0 

83*7 

81-7 

0-4 

84-8 

17-2 

•87*9^ 

34*1 

91*0 

51 -0 

91*1 

6^ 

• iT/'l 

81*2 

81-8 

0-9 

84-9 

17-8 

88*0 

31*7 

91*1 

51 G 

91*2 

68 ■ 1 

!»7 2 

81*8 

81-9 

1*5 

85-0 

18-3 

88-1 

35-2 

91*2 

52-1 

♦ 1-3 

69-0 

97*3 

85 3 

82-0 

2-0 

85-1 

18-9 

88*2 

35*8 

91 *3 ^ 

52-6 

91*4 

69-5 

97*1 

85*8 

82-1 

2-6 

85*2 

f9*1 

88*3 

36*3 

91*1 

53-2 

91*.V 

704 

;j7-5 

86*1 

82 •2* 

3-1 

8.5-3 

20-0 

88*4 

3G*8 

91*5 

53-7 

91 6 

70*6 

97*6 

86*9 

82-3 

3-G 

35 -I 

20 ;5 

88-5 

37*1 

1 M*6 

51 3 

9 1 -7 

71-2 

97*7 

87-5 

82-4 

4-2 

85-5 

21-0 

88*G 

37*9 

91*7 

f.l 8 

91*8 

71-7 

97 8 

88*0 

82-5 

4-7 

85-6 

21*6 

88-7 

38*5* 

91*8 

55 1 

9 1 -9 

72-2 

97*9 

88*6 

82-6 

6'3 

85-7 

22*2 

88*8 

39*0 

91-9 

.55*9 

95*0 

72-8 

98 -0 

89 -1 

82-7 

Ji-8 

85-8 

22*7 

88*9 

39*6 

92-0 

5G 1 

95-1 

73-3 

98-1 

89*7 

82-8 

6-1 

85 '9 

23-2 

89*0* 

f0*l 

92»1 

57*0 

95 -2 

73 '9 

98 2 

90-2 

82-9 

G-9 

86-0 

23*8 

89*1 

10-6 

92 -2 

57*5 

95 3 

71 1 

98*3 

90*7 

83-0 

7-5 

8G-1 

21-3 

89-:. 

11-2 

92-3 

58-1 

95-1 

1 75-0 

*98*1 

91*3 

83^ 

8-0 

86-2 

21*9 

89*3 

•11 7 

92*4 

58-6 

95 -5 

1 75-5 

98-5 

91 *8 

83-2 

8-5 

86-3* 

25*4 

89*1 

.12*3 

92*5 

59-2 

95 6 

76-1 

98 6 

92-4 

83-3 

9-1 

86- 1 

26*0 

89*5 

-;2*8 

92 -G 

59*7 

95 -7 

1 76 6 

98-7 

92 *9 

83-1 

9-6 

86-5 

26-5 

89*6 

13-1 

92*7 J 

GO *3 

95 -8 

77*1 

98*8 

93-5 

83-5 

10-2 

86 -G 

• 27*0 

li9*7. 

43-9 

92*8 * 

GO -8 

95 *9 

77-7 

08 9 

91*0 

83*6 

10-7 

8G-7 

27 -6 

89*8 

1 1 *5 

92*9 

61 3 

96 0 

78-3 

99-0 

91*6 

83-7 

11-3 

80-8 

•28*1 

89*9 

15*0 

93-0 

G1 -9 

96-1 

78 8 

99*1 

95*1 

83-8 

11-8 

8« 9 

‘28-7 

90*0 

1.5 -G 

93-1 

62 -1 

96-2 

79-3 

99*2 

95-6 

83-9 

12 3 

87*0 

1 29*2 

90-1 

lG-1 

93-2 

63 0 

96*3 

79 9 

99*5 

96 2 

84-0 

12-9 

87-1 

‘29-8 

90*2 

4G*G 

93-3 

63 5 

96 -1 

80-1 

99 1 

96 -7 

84-1 

13-1 

87*2 

30*3 

90-3 

47*2 

93*1 

61*1 

96 ‘5 

81-0 

99*5 

97*3 

84-2 

11-0 

87-3 

30*9 

90*4 

47 7 

93*5 

6 1 *6 

96 -6 

81-5 

99*6 

97*8 

84-3 

11 -.5 

87-4 

31*1 

90*5 

48*3 

93*0 

65 2 

96 -7 

S2 0 

99*7 

98*1 

84-4 

15-1 

87-5 

31-9 

90 *G 

IS 8 

93*7 

65 *7 

96 8 

82 6 

99 8 

98-9 

84-5 . 

15-G 

87 -G 

32*5 

90-7 

49*1 

93*8 

66*2 

96 9 

83-1 

99 9 

99*5 

84-6 

16-2 

87-7 

33-0 

90*8 

19*9 

93*9 

6 G’8 






Grunhiit ^ g^ves the following table (p. 468), which allows the percent- 
age* to be read directly to the hundredth part. Tht left-hand portion 
shows the amount ot trioxidc corresponding to the total percentage of 
rijjSO^ as found. tfortioG per cenf. W.,SOj, for example, the poirtt of 
intersection of the vertical column 10 and the horizontal row 6 gives the 
desired percentage 26-65 7,» The right-hand portioi.«contains,the values 
for the decimal places. The first deoim?y is found in the vertical 
column marked by the asterisk, and the horizo^ital line lying to the 
right is then follo\^ed unj:il the column *lla^4ing the ^econfl decimal place 
for its heading is reached. Thus for 0-78 per cent. floSO the value* 
is 3-465. The desired result is then obtained by addi^^ the per- 
centages found for the whole numbers and for the decimals. Thus, had 
the titration given io6-7§ per cent.^HoSO^, the percentage of trioxide 
p^sent in the olq^um would be 26-657 -f* 3-465 =.30-12 j)cr cen 4 . The 
^ Z. anal. Chem.^ 1899, <58, i<7. 
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corrections for SO2 and fixed residue must, of course, be made as 
^described (p. 466), before making use of these tables. ^ 

» . , f 


Table for finding the Perce, ntage of SO3 in Oleum from the 
Total Acidity calculated as HoSO^. Griinhut. 


1 Wliolo Niimbors. 





Ilundrodtli Tarts. 









* 

/ 




10 

11 

12 

# 

0 

1 

2 

3 

4 : 6 

. 

6 

7 

8 ! 9 

0 

44 - 4,28 

8 C -857 

0 

0 

0*044 

^ 0-089 

0*133 

0 * 178 ' o * 2‘22 

0-267 

0*311 

0*355 0*400 

4-413 

48-871 

93*300 

1 

0-444 

0*489 

0-533 

0*578 

0-622 1 0-666 

0-711 

0*755 

0-800 0*844 

8*886 

53-314 

97-743 

2 

0-889 

0/933 

0 977 

1 *022 

l * p 6 G l *( 4 n 

1-155 

1-200 

1-241 1*288 

13*329 

57*757 


3 

1*333 

1-377 

1*422 

1*466 

1*511 1-555 

1 -599 

1-644 

1-688 1*733 

17*771 

62-200 


4 

1-777 

1 -822 

1-S6C. 

1*910 

1-955 T -999 

2-044 

2-088 

2-133 2*177 

22 * 21-1 

66-613 


5 

2*221 

2-266 

2-310 

2*355 1 

2-399 2-144 

2 - 488 ' 

2-532 

2-577 2*621 

20 ‘ G :)?! 

71-085 


6 

2*666 

2*710 

2*755 

2 * 799 ; 

2-843 2-888 

2 - 932 ! 2-977 

.''•021 3-066 

31*100 ! 

75-528 


7 

3*110 

3*154 

- 3*199 

3 * 243 ' 

' 3-288 1 3-332 

3-377 

3-421 

3-465 3-510 

35-5431 

79 971 


8 

3 * 55413*599 

3*643 

3 * 688 : 

3-732 3-776 

3*821 

3-865 

j 3-909 3-954 

39-986 84 - 4 H 


9 

3-999 

4*043 

4*087 

4*132 

‘ 4 -17614 *221 

4*265 

1-310 

4 * 354 ' 4 -398 


Setlik^ has described a simple and rapid method for the estimation 
of fuming sulphuric acid, which depends oh the known property of oleum 
to fume in the air until all anhydride present has been converted to 
monohydrate. The analysis is carried out as follows. At least 50 g., or 
preferably 100 g., to simplify the calculation, of the sample is weighed 
off on an ordinary balance to within o*i g., into a long-ncckcd flask 
of from 130 to 200 c.c. capacity, and distilled water dropped in very 
slowly from a tap burette graduated in provided with a fine 

exit-tube. 

As the reaction is very violent, means must be provided for keeping 
the flask well cooled. At the start the drops of water falling into 
the oleum fizz violently and give rise to dense fumes ; as the titra- 
tion proceeds, the reaction becomes less violent and the fumes less 
dense. Towards the end of the-titration the shfiking must be continued 
sufficiently long, after the addition of each drop, 'to allow the sulphuric 
acid fumes to be completely absorbed ; this, is necessary to permit of 
proper observation. The reaction is finished when no further fumes form 
on the surface of the acid and a drop of water falling in the centre dis- 
solves quietly. * 

• The calculation of the analysis is very simple : 9 c.c. HgO saturate 
40 g. SO3, or 100 c.c. M^O correspond to 444 g. SO3. If, for example, 
100 c.c. of oleum 'nave been taken, and 6 c.c. of water required, the 
sample contains 26-64 cent, free SO3. 

It 4 advisable to hdve an approximate knowledge of the strength, of 

• ' ' I 

^ Qem . tZetU , 1889, 13, 1670. 
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the oleum oefore making the analysis, since an oleiyn containing over 
35 per cent. 8*0^ does |iot lend itself to direct titration, owitT^ to th? 
violence of the reacticin. In such cages the sample shiJiild'be reduced to 
from 30 to 35 per cent, oleum by addition of sulphuric acid monohydrate. 
The monohydrate used for this purpose must, of course, Jiave been care- 
fully prepared, and .should be stored in vvell-stoppered bottles. Setlik 
rgccftnmends the method for wofks use* and claims that with a little 
practice the test is quickly oarrred out, and is *as accura*’’^- titration^ 
with alkali, especially if the ^cid be contaminated with sulphurous 
acid, arsenious acid, sulphate of irorT, or otlaer impfirity. 

Pryker^ worked obt the same method independtiitly^ an^l confirms 
Setlik’s claims as to the constancy and ^accuracy of the results it yields 
He considers it to be preferable to titration t\ith alkali, and suitable for 
commercial determinations as well as for works control. 

Rabe’i method - is- somewhat ^similar in principle, but sulphuric acid 
of known strength (say 95 per cent.) is employed for titrating in place 
of t[ie water. This substitution only complicates the lAethod and 
renders the resultJ^lcss exact.'*^ ^ * 

Both methods are intended for works use only, and not for the 
analysis of acids intended fqr.s^ale. • 

II. Howard '^ assays oleum by making use of the heat-evolution on 
admixture with. sulphuric acid. lie weighs 100 grms. of oleum into a 
Dewar tube, takes its temperature (<'?), adds 100 grms. of 92 per cent, 
sulphuric acid, of which the temperature has also been taken (^), 
and ascertains the temperature of the mixture (c). The rise of tem- 
perature, c ~ is determined by, and corresponds to, the com- 

• position of the oleum. To avoid calculations involving the heat-capacity 
of the container, a scries of determinations wiUi acids of known com- 
position is made, and a table formed connecting rise of temperature 
with perccntcH^c of H.^SO* or of free SO.j. Tl’e process is very 
rapid and the results* arc accurate (i per cent, difference in free^SO 
corresponds with abfbuJ^^V)” difference in*rise of temperature). 


CHLOROSULPHONlt ACID 

. • , 

Chlorosulphonk acid, SO-^HCl, has a# specific, gravit;^ of 1784 at 
0° C., and boils at 153° C. It is decomposed by water with violence,* 
forming •€ulphuric and hydrochloric ^cids. From the n^^thod of its 
preparation, it is liable to contain an excess either of hydrochloric acid 
or of*suiphuric acid and sulphur trioKide. 

J. Soc. Chem. Ina^ fgiy, 36, 692. “ 'chem. Zmt., 1901, 2$, 345 *. 

^ Cf, Lunge, Sulphinc Acid and Alkali^ vol. i., p. ^7* * ^ ^ Chetn. Ind.^ 29» 3* 
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For its analyses, 3 or 4 grms. is weighed off in a small Sealed bulb, 
which is^then placed in a strong bottle or flasl/' containing 25 to 50C.C. 
of water; the bd tie is stoppered^ wrapped in (. cloth, and violently 
shaken so as to break the bulb and mix its contents with the water. 
When the actiqn is over, the jicld solution is titrated by Nji sodium 
hydroxide with phenolphthalein or methyl red. (It is convenient to 
mix with the water, before introducing the bulb, a measured quantity, 
^,insuffici(y?^-io> neutralisation, of the normal alkali, and finish the 
titration after the reaction.) " 

The neutralised liquid ip now made up to a definite bulk, and the 
chlorine deteimined in an aliquot portion by A71O silver nitrate solution 
with potassium chromate as indicator. 

The total acid from the' first titration is calculated as SO^, and the 
chlorine from the second as HCl (per 100 grms.). The equivalent in 
SO3 of this HCl, subtracted from the total acid, gives the total SO3. 
This and the HCl together,’' subtracted from 100, give the water, 
present, of course, not as water but as H.^SO^; and the equivalent in 
SO3 of this water, subtracted from the total SO3, gives the SO3 present 
as chlorosulphonic acid and (if any) ffee SO3. This quantity of SO3, 
and the HCl found, are separately calculated into SO3HCI. If the 
former result be the greater, there is no free hydrochloric acid, and the 
difference between the two results, calculated from SOj^HCl to SO3, 
gives the free sulphur trioxide. If the latter result be the greater, 
there is no free sulphur trioxide, and the difference, calculated from 
SO3HCI to HCl, gives the free hydrochloric acid. 


NITRIC ACID MANUFACTURE 

C’hili saltpetre is the-* only raw material employed in this industry 
which is dealt with in this section. The testing of sulphuric acictand 
of the various waste acids from the manufacture of nitrobenzene, nitro- 
glycerin, pyroxylin, etc., which^are frequently used in the nitric acid 
industry, is described in other sections (pp. 416 a saj . ; 497 ct seq.). 

Ciiiu Saltpetre 

Chili saltpetre should contain at least 95 per cent., and the better 
qualities 96 to 9^ per cent, of sodium nitrate. In addition to this there 
‘may occur potassium nitrate/ occasionally up to 9 per cent., sodium 
chloride, sodium s^ulphatc, sodium iodate, sodium perchlorate, and 
insoluble matter; also, in exceptional instances, sodium carbonate, 
magnesium sulphate, and salts of the heavy metals. 

1 Cf, ifunge, Chem. ImL^ 1886, 9, 269 ; Hagen, Chem, ZexLy 1891, I5., 1528 ; and, Z. an^ew, 
Chem.^ 1893, 6, 495 and 698. 
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Of these substances the following are usually only tested for qualita- 
tively. *1 ^ 

Potassium^ detcct'|d by platinic cjiloride or sodiur# coKaltifiitrite. 
lodatcs. According to Beckurts/ the solution is acidified with 
nitric acid and potassium iodide-stanch solution addqd ; the method 
will detect mg. of iodic acid in i g. nitre. ^Or the idbic acid may 
be reduced by zinc and the iodiife liberated by heating with strong sul- 
phuric cicid, the solution d.ilu^ed and shaken *with carf^^n b’sulphidc^ 
which will extract any iodine jlrcsent, giving a rose-rc*d solution. 

Bromuie^ under similar conditions, cglours fl'ie carbon bisulphide 
yellow to reddish yelhow. . ^ 

Sodium perchlorate ^ the presence o^ which was first recognised by 
Beckurts,'’ and has since be^n repeatedly coft firmed, is, according to van 
Ikeukeleeven,^ most easily detected*by a micro-chemical test. This is 
carried cyt by adding a little rubidium chloride to a few drops of a con- 
centrated filtered solution of tfie saltpetre placed on a glass slide. 
Permanganate is added to the solution to the production of a wine-red 
colour, and the solution evaporated till single crystals form, when 
the slide is placed under the microscope and examined to see 
whether, in addition to tl^e colourless* crystals of sodium nitrate, 
the reddish-violet crystals of rubidium perchlorate arc also present. 
H. Fresenius ai^d Bayerlein'^ recommend this method. 

Commercial Assay of Saltpetre 

In commercial dealings in Chili saltpetre an indirect method of 
valuai-ion has been generally employed until quite recently, and is still 
used to a considerable extent for the large shipments to England. 

According to this method only the percentages of moisture, sodium 
chloride, sodium sulphate, and matter insoluble in water are determined, 
th5 sum of t^iesc being cafled the refraction ; it is assumed that all the 
rest is actual nitrate* This mcthocE cannot in any way be looketl^upon 
as accurate, and mdy J^ad to consideral^le error. 

P'or example, the method quite overlooks any potassium nitrate 
which may be present ^cf p. 470), and which, even in rcfinacl nitre, 
may reach several per cent. Since t*hc •nitrate is employed for the 
manufacture of nitric acid, explosives, etc., the higher pitrogen content 
of sodium nitratc*as compared with thatt)f the p^tassiuip compound is 
the chief consideration, and it cannot be a matter of indifference to the 
manufacturer whether he, for instance, receives 9,per cc«t. potassium 
nitrate in place of 9 per cent, sodium nitrate, or whether a lot which, 

• * . . • 

1 Phann. Cnitr., 1886,233. “ Fischhls Jahresl>t'r., 1886,^05. 

Chfm, 1898, I., 960. ^ Z. anal. *1898, 37, 50I. • 

Cf. Alberti and Hempel, Z, angew. Chem* 1892, loi. 
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according to the analytical results shows 96 to 97 per cent: of sodium 
Viitrate, on testing with the nitrometer is found to contain only 94 to 95 
per cent} In addition, the “ refraction m^^thod ” slso includes as nitrate 
a;ny perchlorate which is present. 

3 

Complete Anaiysis, with exception of the Detepv- 

MINATION OF NlTRATE AND PERCHLORATE 

Moisture. — o 8 g. of the well-mixed and coarsely powdered sample 
is weighed into a platinum crucible, and cautiously heated over a 
small flarrie, so as just to fusc^the nitrate; with' a little practice it is 
easy to hit off this point exactly without it being necessary to observe 
the temperature. The crucible and conteiits are then allowed to cool 
in a desiccator and weighed ; the heating is repeated at the same 
temperature, to make certain that constant weight has been reached. 

Or 10 g. of the nitrate is dried in the air-bath at 130°, until the 
weight is constant. 

Insoluble Matter — Fifty g. of the saltpetre is weighed into a 
beaker on a balance turning to 0 05 g. The sample is dissolved in 
water and filtered through a filter paper previoq^ly tared against a 
similar paper ; the washed residue and the tare are then dried together 
and weighed. 

Should the insoluble residue appear to contain appreciable quantities 
of organic matter, the latter is determined approximately by igniting the 
filter paper and insoluble residue. The previous drying of the residue 
is, in this case, preferably done at a higher temperature, say 120" to 130'h 
since otherwise there is always a small difference between the weight 
obtained by drying at 100° and that got by ignition, even in samples 
perfectly free from organic matter. 

Chlorine, Sulphuric keid, Calcium, Magnesium, and Sodium car- 
bonate. — Five g. cf the sample is placed in a filter paper standing 
over a 500 c.c. flask, and dissolved by addition o^ boiling water ; any 
sand'remaining on the filter after Washing is ccmplcte, is ignited and 
weighed. The filtrate when cold is made up to 500 c.c., and of this 
solution 50 c.c. is tsiken for the determination of chlorine by titration 
or precipitation with silver nitrate (p. 73), the result being calculated 
to sodium chloride. A further 50 c.c. is heated to boiling, and pre- 
cipitated with barium chloride, the resulting barium, sulphate filtered 
®ff, weighed, and calculated to calcium sulphate. To e.stimate the 
calcium and^ magnesium, 20 g. of saltpetre is dissolved in 1060 c.c. of 
boiling water, and the calcium estimated by the addition of ammonium 
oxalate to 500 c.c. of thi* solution, the magnesjum in the filtrate from 
the calc^m precipitation by addition of ammonium, phosphate. Thv- 
sodium carbonale is obtained by treating 100 c.c. of this solution 
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with sulphuric acid, evaporating to dryness, and ^igniting until the 
weight of the residue is|constant. The sodium carbonate is calculatecf 
from the weight of 5 nlphate ^o obtained, after mal<ing allowance for 
the calcium and magnesium sulphates present. Any potassium 
present must also be allowed for. *T^ie sodium carbonate is often 
obtained by difference. ^ * 

, Potassium — Potassium was Iformerfy es|imated indirectly by con- 
verting t*hc bases into sulpb*tef?, but the method leads tQ,*''ery ’uncertain, 
results when, as in this case,*one of the constituents is present in 
only very small proportion. * » * 

Aynuch more exadt method consist^/in repeated .evaporation of the 
saltpetre with strong hydrochloric acid, and precipitation with platinic 
chloride, as described in the section on “Potfissium Salts*’ (Vol. II.). 

The potassium is calculated to potassium nitrate, one hundred parts 
of which j^re equivalent to Sq-qp parts NaNO.j. 


TriK Estimation of N^itratk 

• • 

Numerous methods, of very unequal value, have been proposed for 
the estimation of nitric acid fn saltpetre. These are grouped together 
in the following Ii.st as arranged by B()ckmann, with several additions 
of recent date ; it is essentially a summary, and does not make any 
pretence to be complete. 

I. Methods depending on Reduction to Nitric Oxide. 

uieasiueincnt of nitric oxide, i. Lunge’s nitrometric method 

• (p- 78). 

2. The method of Schlosing-Grandcau ’ as improved by P. Wagner- 
(p- 4.82). 

45 . Volumetric detemninafio)! of the nitric acid ohfained on oxidising 
nitric oxide iviih hydrogen peroxide. Wilfahrth’s method.*^ 

L Reduction by •fofo^us salts anH ^ibscquent titration with permaii- 
ganate solution. Method of Pelouze and PVesenius. 

Method of Russo and Sensi.'* . 

% 

11. Reduction to Ammonia.in Alkalime Solution. 

There are many modifications of this method, ()! whinh«the following, 
may be mentioned ; — 

I. Stutzer’smethod.'’’ Reduction b/sodium hydroKideanS aluminium 

^ ^gi^kuliurckem. p.,31. %Chem. Zext.^ 1883,7, 1710; 1884,8,475. 

^ ^ Z. anal. Chem..^ 18^8, 27, 41 1. * • • 

^ Gazz, Chm. Jial^^ 1914, 44, 9. See also J. E. Clenngll, Eng. and 1918, 106, 660. 

Z. angew. Chem,^ 1890, 3, 695^ ^ 
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wire. Aluminium prepared by the old method of manufacture is the 
only kir^l suitable, and this has ceased to be a<i article of commerce. 

2. Sievert’s irethod.^ Reductfon wi^h zinc ^Rist and iron powder 
in alcoholic potassium hydroxide solution, 

3. Arnd’s method.- 

III. Reductiop to Ammonia in Acid Solution. 

1. Utsch’^ m.^thod.'** Reduction by fdrrum rcdactum, and dilute 
sulphuric acid, witly subsequent distillation after rendering alkaline 
with sodium hydroxide solution, t'hc method is described on p. 476. 

2. Schmitt’s method.'* Reduction by a mixture of zinc aiv* iron 
dust in acetic acid solution. 

3. Hildesheimer’s modification/’ of Jodlbauer’s method. Reduction 
with phenolsulphuric acid, zinc dust, and mercury. 

4. Forster’s method.^ Recjuction. with sulphosalicylic aCid, sodium 
thiosulphate, and mercury. 

5. Ulsch’s electrolytic method.' 

6. Ingham’s electrolytic method.^ 

IV. Reduction to Nitrous Acid. 

Ganttcr’s method.-* Reduction by phosphorous acid, and measure- 
ment of the nitrogen evolved on heating the resulting ammonium 
nitrite. 

V. Estimation of Nitric Acid by means of the Hydrogen Deficit. 

Ulsch’s method.*^ A measured quantity of sulphuric acid is allowed 
to act on strongly coppered iron alone and, separately, upon the couple 
together with the nitrate solution ; the hydrogen evolved in the two 
cases is measured in the nitrometer and the volumes compared. 

i 

VI. Decomposition with Hydrochloric Acid. 

r. Forster’s method.** Two to 3 g, of the 'saltpetre, dried at 150'', 
is evaporated with 25 c.c. of 19 per cent, hydrochloric acid three times 
succes:.ively in a roomy porcelain crucible on the water-bath, and the 
resulting chloride dried at 150'' and weighed. The nitrogen equals the 
loss in weight of the dried saltpetre X 0-5274. 

^ A 

’ ^ Cf. Fricke, Z. ansiew. Chem.^ 1891, 4, 240. " Z. C/iem.^ 1917, 30, 169. 

3 Chem. Centy.^ 1890, II., 926 ; /.. an^ew. Cliem.^ 1891, 4, 241. 

^ Chem. Zeit., 1890, 1410 ; Z. Chem.^ 1891, 4, 240. '' 

® Sullwald, Chem. Zett.^ 1890, 14, 1674. 

® Chem, Zett.^ 1889, 13, 229 ; 1890, 14, 16-74. ^ , 

Z. /Llektrochem.^ 1897, 3', 546. « J, Amer. Chem, Soc., 1904, 26, 

t ^ Z. anal. Chem,, 1895, 34, 25. ^ ^ ''* /lid., iSge jO, 175. 

Chem. Zeit., 1890, 14, 509. 
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2. Gowan’s method.^ Decomposition with hydrochloric acid and 
absorption of tTic resulti|ig nitrosyl chloride and chlorine in potassiunf' 
iodide : — 


HNO, -f 3 HCI - Cl.^ + NOCl + 2H,0. ( I IINO 3 = 3 CI). 

• * t 

3. Bohlig’s method.^ Decomposition with sulphuric and hydrochloric 
acfids, absorption of the liberated chlorine i» potassium^ ferrocyanide 
and subsequent tit/ation wkh permanganate. 

4. Bcnsemann’s method.^ 

• # 

VII. Ignition Methods 

• . • . 

1. Qmmate method | described on p. 483. 

2 . Silica method J 

• • . 

VIH Combustion Methods with Soda Lime and othei* additions 

(analogous to Will apd Varrcntrtipp’s method). 

1. Arnold’s methpd.^ Igmtion with soda lime, sodium thiosulphate, 
and sodium formate, 

2. ITouzeau’spnethod.'* Ignition with soda lime, sodium thiosulphate, 
and sodium acetate. 

3. Boyer’s method.*’ Ignition with soda lime, calcium oxalate, and 
sulphur. 


, IX. Precipitation by Nitron.” 

Busch’s meT:hod.' “Nitron” is the name given to the base 1:4 
diphenyl 3 : 5 , endanilodihydrotriazole ; it forms a nitrate which is 
almoTst insoluble in water and which is suited for the detection and 
determinationof nitric acid. 

This summary of the better-known .methods for the determination 
of nitric acid is includ(?c!*on account of the importance in industrial and 
agricultural chemistry of an exact determination ofJ;he nitrate in salt- 
petre. More detailed accounts of Ulsch’s method, Lunge’s hitrdmetric 
method, Wagner’s improved form of the S’chlosing-Grandeau method, 
and of the methods depending on ignitkDii with potassiura chromate and 
quartz respectively* are given below. * • • 

1 C/um. 1891, 63, 245 ; Z. augew. Chew., jSqi, 4, 557. • 

Z. anal. Chew., 1900, 39, 498. Z. angew. Chem., 1906, 19, 471. 

“ 1885, 9, 715. ^ ^ ^ Idj ( l .^, ggS . 

8 Comptes remf ., 1 891, II3, 503! ^ 

Ber.y 1905, 38, 83^ ^nd 861 ; J. Soc, Chem. Ind., 1905, 24, 29*1 ; Gutbier, Z. angew. Chein., 
1905, 18, 494; Hes, Z. anal. Chew., 1909, 48, 81; Wir*tler,®Z. angew. Chem., 1921, 31, 46. 
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Detailed Description of the Chief ^Method's for the 
'Deterawnation of tiu: Nit.rate in Saltpetre 

) 

Ulsch’s Method, as modified by Bdckmann. 

The modifications relate to the size of the flask used for the 
reduction and for the subsequent dfstillation ; to more effective air- 
. cooling, and a^^oidance of other methods of cooling in the distillation ; 
to dispensing with the special bulb-tube intended to prevent alkaline 
solution being carried into the distillate ; to rendering a back titration 
unnecessary to tne constructidn of the absorption vessel ; to the quantity 
of the absorbing solution, and to the strength of the sulphuric acid 
used for titration. Also, fhe weights of sample taken for analysis, of 
sulphuric acid for decomposition of iron powder, and of sodium 
hydroxide solution employed by Ulsch and Fricke are^ doubled. 
These latter changes had previously been recommended by Alberti 
and HempeD The essential features of Ulsch’s method remain 
unchanged. 

The following solutions are required for the determination: — i. 
Dilute sulphuric acid (i : 2).' 2. Sodium* hydroxide solution of sp. gr. 
1-25, absolutely free from nitrogen compounds. 3. N/^ sulphuric acid 
or N/S hydrochloric acid prepared as described on p. 5a 

Twenty g. of each of the well-mixed average samples, ground 
somewhat further in a porcelain mortar, is weighed out, dissolved in 
water, and the solutions made to 1000 c.c. ; 50 c.c. (= do g. saltpetre) 
of each solution are then run into a round-bottomed flask of at least 
I litre capacity. The neck of the flask should be at least 10 cm*, long, 
and of an internal diameter of 275 to 3 cm. One g. fetrum rcdactum 
is added to the contents of each flask, and then 20 c.c. of the 
diluted sulphuric acid (1:2); as a precaution, an ordinary glass 
funnel is placed in the neck of each. When the gas evolution has 
either ceased altogether or become very slow^, it is accelerated by 
placing the flasks on sheets of asbestos and heating by a small flame, 
so that the solutions reach a quiet boil in about four minutes; 
boiling is* then maintained for about six more minutes, at the end 
of which time the reducti(?n should be complete. 

The flasks arc then allowed to cool slightly, in order that the 
subsequent a^dd’tion of water shall not crack tne fuimels, and after the 
addition of about 150 c.c. of water, the solution is made alkaline by 
the addition of 50,, c.c. of the sodium hydroxide solution prepared as 
above. At the same time a rapid rotary motion is given to the contents 
of the flask, and any syrupy material adhering to the upper walls of the 
flask is ‘washed down by the aid of a wash-bottle. A ^inch of zinc dust 
* ?. angsw . C / jem ., 1891, 4, 398. 



, CHILI SALTPETRE 


477 


is then added to each flask, and distillation carried out as follows : — The 
distilling flask %s placed on a sheet of asbestos card^, supported on arv 
ordinary tripod, and thi neck fitted with a rubber stoppery through 
which a bent deliver}^ tube passes ^3r the escape of the gas ; Lunge 
recommends the use of a bulb-tuba The vertical portion of this 
tube should have a length of 14 to 15 cm., of which J/O to 12 cm. 
is o^itside the stopper, whilst tbe downward j^ortion leading to the 
absorption dish should be abou.t 7 cm. long, ^nxl connected by a piece 
of rubber tubing about lo'cm. iong to a second tub'?^^nich dips into * 
the absorption dish, care being taken that the twr# tubes are held flush 
together. This second tube is continued for about 7. cm. in the same 
directfbn as the downward bent portion of the exit-tube ^rom the 
distilling flask, and is t?hen •bent at ri^it angles and continued for a 
• length cf 50 to 60 cm., when it dii:i€ into the absorption dish. This 
is an ordinary earthenware dish, of about 800 c.c. capacity ; it is 
charged with about 250 c.c. of tlistilled wfeter to which about two drops 
of a somewhat strong solution of litmus have been added ; tJic solution 
shoufd be tinged a rather faint but distinct blue. A drop of the 
standard sulphuric*acid is then added to the contents of the absorption 
vessel from a burette .standing over the latter, and the solution is tested 
for neutrality by a piece of 'sefisitive litmus paper (p. 44). When the 
solution is neutral, which may necessitate the addition of a further 
drop of acid, the burette is filled with acid to the zero mark and the 
flask heated ; the contents, although thick and coloured greenish 
brown, owing to .separation of ferrous and ferric hydroxides, distil 
quietly and without bumping. Four distillations can easily be carried 
out simultaneously, and due attention be given to the necessary 
.additions of afid from the burette. Should the nitrate content be 
approximately known, as is frequently the case in works, so that 90 
per cent, of the acid required for titration may be added at the start, 
six ^listillations can be cittcnded to at the same time. • 

Instead of fhe Bdcjvinann absorption vessel, Lunge prefers a Peligot 
or other similar tubf , iii which the gAs inlet-tube does not dip into'the 
acid used for absorption *(6/^ Fig. 203, p. 479) ; this avoids the risk of the 
acid being drawn back int(i the distilling flask. 

As soon as the acid solution has bcQii i^eutraliscd by the ammonia 
evolved in the distillation, any further ammonia that comes over is clearly 
indicated by blue strean; lines rising flronj the mouth of the inlet-tube 
through the reddish-coloured solution. The latter soon assifVnes a blui.sh- • 
red colouij^, unless fresh acid is added from the burette. Even should this 
take place, there will be no loss of ammonia, providefl that fresh acid be 
adde^«ai once, always taking care tp maintain .the solution as nearly 
n^tral as possible by te.sting with sensitive litgaus paper. T^owards 
the end of the operation, the solution in^the^absorption vessel beconfes 
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appreciably warm, but no loss of ammonia need be feared on this 
, account. Finally, when no further addition of standar/^. acid from the 
burette has been necessary for several minutes, the inlet-tube is removed 
from the absorption vessel and, alter making certain by the smell that 
the steam coming off is quite free from ammonia, the distillation is 
stopped. 

With a distilling llask of the dimensions given, the surface of the 
liquid is about i8 cm. bel6w the gas exit-tube, and there is consequently 
' no danger ofVlv^line liquor being carried forward ffom the flask ; in 
fact the water conduising on the, inner end of the exit- tube always 
shows a neutral reaction, as may readily be proved at the end of the 
distillation. ' 

Using A75 sulphuric or hydrochloric acid, each i c.c. corresponds to 
0'0i700 g. NaNO.5, 0-02022 g. KNO3, o-oio8o g. N.Pjj, or 0-01260 g. 
HNO3. S- ptifc NaNO^ consequently requires 58-82 c.c. of Nj^ acid. 

Bdckmann recommends the use of burettes of 100 c.c. capacity 
graduated to 1 however, necessitates a very inconvenient 

length. His proposal to use burettes of this capacity and graduated 
to .;;V c.c. is quite unpractical. Any great error in gauging the quantity 
of sulphuric acid to be added may be avoided b^ making the other 
determinations (refraction determination' and potassium estimation, if 
necessary) prior to the nitrogen test. Should these indicate that more 
than 50 c.c. of acid are requisite, the full burette content of 50 c.c. 
may be run into the absorption vessel before beginning the distillation, 
the burette refilled, and the distillation started. 

If the burette be read to 0-05 c.c., or preferably to 0-025 c.c., the 
total error will not exceed ± o-i per cent, of the nitrate if due pre- 
cautions are taken. This degree of accuracy can, however, only be 
attained after considerable practice, 

Vogtherr^ recommends the apparatus described below (Fig. 203) for 
carrying out this test. It was primarily designed for nitrogen deter- 
minations by Kjeldahl’s method, in which the digestion with sulphuric 
acid is carried out without the use of a fume chamber, and in the same 
apparatus as is used for distilling off the ammonia, and serves also for 
the estimation of- ammonia in ammonium rulphatc and for analogous 
determinations. ^ 

A Jena glass Kjeldahl flask is fitted above with a glass bell accur- 
ately ground in so a.s to be gas-tight, the bell b^ing continued as a glass 
• tube bent first m a slightly inclined downward direction and then verti- 
cally. The vertical portion is connected by a cork or rubber stoj)per with 
a bulb-tube the lower open end of which dips below the solution in the 
absorption flask. The long neck ^ nd the glass bell preve/it spr.rtjng of 
the liquid from the reaction flask, the pear-shaped ^bulb prevents t^e 
' ^ Zeil.f 1902, 27, 988. 
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# 

sucking bac^ of the liquid used for absorption, whilst the cork or rubber 
connections cmjjloyed are reduced to a minimum. 4 ^ 

A drawback to this 4 therwise very satisfactory method liejs in the 
fact that commercial ferrum rtdactutn is not, always^sufficiently pure, 
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and according lo Brandt,' errors amounting to*as much as o-8 per cent, 
may arise from this cause. • • 

Allen’s method "i^ as follows : — i g. of the sample is treated with 
3 g. of Devarda’s aJlo^\ (containing *45* per cent, of aluminium, 5C) of 
copper and 5 of zinc) in the presence of 25 c.c. of a 20 per cent, solution 
of sodium hydroxide, the ammonia produced being absorbed in standard • 
sulphuric acid. When the violent action paused by the introduction ^ 
of the alloy has subsided, the distillation is continued in a current of 
air, the flask beiqg heated by immcrsi(>n in bailing* water ; before 
entering the vessel containing the standard acid, the gase*ous products* 
are passed through an upwardly inclined steam-jacketgd scrubber 
(containing glass wool) to prevent alkali “ mist ” from being carried 

’ CVlC/fl. ^899, 23, 22. • • 

Eighth hit. Cong. Clu'm.^ 1912, Sect. I., Ori},^ Comm. I, *19 ; /. .^yc. Chem, A/f/., 1912, 
31,921. * ' 
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over. For the titration, a solution of methyl red is used as indicator ; 
,the latter being i^nsitive to carbon dioxide, all the v'ater employed 
in the process must be boiled before use. tThe standardisation of 
the sulphuric acid in terms of sodium’ nitrate‘ds effected by a pro- 
cedure identical with that of the assay, pure potassium nitrate being 
employed fgr the purpose. Although not as rapid as the nitrometer 
method, the process stated to be. more easy of manipulation and 
is believed to be mart accurate, the results of duplicate determinations 
^ agreeing with??/ "'•IS per cent. . 

Knecht^ dissolver- i g. of nitrate, makes up to lOO c.c., places lO c.c. 
in a copper flask (glass being too fragile), adds excess of sodium 
hydroxide solution, and 20 c.c. of commercial titanous sulphate or 
chloride. The nitrate is at '"once redu<:ed do ammonia, which is 
distilled into a known volume of. yV/io acid, and the excess- ^titrated 
after the end of the distillation. 

Other modifications of thei'reduction method have been devised by 
Beck, 2 Holtkamp,^ Winkler,^ Kleiber,^ and Arnd.^' 

Lunge’s Nitrometric method. — This method, which is due to 
W. Crum, was first rendered practically available by the introduction 
of Lunge’s “ nitrometer ” (p. 78). The method depends on the fact that 
nitric acid, nitrous acid and their salts and esters, when brought into 
intimate contact with mercury and a large excess of sulphuric acid are 
decomposed quantitatively, so as to yield the whole of their nitrogen 
in the form of nitric oxide, the volume of which is measured. The 
reaction is : — 

2 HNO 3 + 3H,S0, + 6 Hg = 2 NO + 3 Mg>SO, + 4 H.(). 

In the analysis of saltpetre the bulb nitrometer (Fig. 26, p. 81) may be 
employed. It is preferable, however, to carry out the decomposition of 
the nitre with mercury and sulphuric acid in a special decomposition 
vessel, as shown in Fig. 28 (p. 82), so that the gas measurement can be 
made over dry mercury. The decomposiXion may be effected inAhe 
ordinary simple nitrometer, taking note of tempeiaturc and barometric 
pressure, and reducing the gas Vollime obtaine.d, tc normal (o'" and 760 
mm.), but it is more convenient to employ the gas volumeter (p. 83), 
which allows the v-GrrecLcd gas volume to beVead directly. 

The quantity of nitre ta^xn for the determination mus*^ be such that, 
under the conditions of temperature and barometric pressure obtaining 
at the time, not le'is than 100 c.c. and not mor^' than 120 c.c. of 
‘nitric oxide are evolved. This corresponds to about 0*35 g., a quantity 
which has g’ven rise to much adverse criticism of the methocl: So far 
as such criticism relates to the accuracy of the actual determination it 

’ J . Soc . Chem . hid ., I9I5),34» 126. - Z . anal . Clum ., 1906, 45, 671. 

^ Z . angew . Chem ., 1913, 26, 600. ‘ Ibid ., 1913, 26, 231 ; 6914, 27, 630. 

' ® Chem . Zeit ., 1909, 33, 479. Z . angew . Chem ., 1917, 30, 169 ; 1920, 33, 296. 
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may be dispiissed, since a gas volume of over lOO c.c. is obtained, and 
this volume ca^j be read off with ease to 0-05 c.c. ov even less, which' 
means an accuracy of aA least i in 2000. This degree of ac^curacy is 
not obtainable by any^other m’ethod.' There is more^ reason, however^ 
in the contention that a correct average sample cannot well be obtained 
when so small a quantity as 0-35 g. is U:aken for the kn^lysis. This 
objection may be overcome if, as recommended \jy J. Stroof, 20 g. of the 
nftre, dried at 1 10°, is thoroughly ground, and^the exact a,verage sample 
taken from this ag^in dried to constant weight. „ 

When the bulb nitrometer without a decomT>osing vessel is em- 
ployed, the operation i^ carried out as foll6ws. The well-mixed finely 
powdtTcd sample, obtained as above described, is filfed into ^ narrow, 
marked weighing tube, and tjie tube coined qnd weighed. When filled 
t to the .mark, the tube should contain about 0-35 g. substance. 
The contents are then shaken into a previously prepared “saltpetre 
nitrometer';” that is, one of at* least 130 c.c. capacity (p. 81), so that 
the powder falls as far as possible on to the bottom of the, glass cup. 
During this operation the three-Avay cock rr;ust be in such a position 
that none of its paSsages are open either above or at the side. About 
half a c.c. of water is then poured*in, and ajlowed to stand a short time 
until the nitre is completely 'nearly dissolved, when the solution and 
crystals are drawn into the measuring tube by cautiously opening the 
tap and lowering*the levelling tube; the cup is washed out with \ or at 
most I c.c. of water, and about 15 c.c. of strong pure sulphuric acid 
admitted to the tube. If too much water is employed, that is, more 
than c.c. in all, the sulphuric acid is rendered too dilute and a 
persistent froth containing basic mercuric sulphate is formed, which 
^causes* difficulty in reading. The reaction is brought about by 
’thoroughly shaking the acid solution with the mercury. The levelling 
tube is then placed approximately at its correct height so as to avoid 
any^reat difference of pressure and consequent error-owing to leakage, 
and the apparatus allowed to cool for at least half an hour. The tubes 
are then accurately levelled, allowing^ o’jie division of mercury for each 
six and a half divisions* occupied by the acid solution in the measuring 
tube, and the gas volume r^ad off. To test whether ti^^gas is actually 
under atmospheric pressure, a few drops of sulphuric acid are poured 
into the cup, and allowed to flow into the measuring tube by cautiously 
opening the tap as de.scribcd on p. 80. ' ^ 

The temperature and* barometric height are read at th^ same time, * 
and the g;as volume reduced to o" C. and 760 mm. pressure by means of 
the tables. Each i c.c. NO correspoifds to 0-00^7^2 g. I^aNO^; the 
total volume .t' divided by the weighjt a taken gind multiplied by 100 

* * * . . O'?7072jt' 

gifes the percentile content, which is thus = — • * * ^ 


2 H 



482 


MANUFACTURE OF NITRIC ACID 


The nitrometer must, of course, be accurately graduated, and the 
^operator should sjftisfy himself that the readings are co^'rect. 

By tipis method it is easy to obtain results /Agreeing to within 0*2 per 
cent. Still greaftr accuracy may be attained ^Hth practice, certainly 
to at least o- 1 per cent., by using a separate decomposing vessel and 
transferring, the gas to the'^ measuring tube. The manipulation is 
much cleaner when \forking in this way ; also several decomposing 
vessels may be operated ' at the same time and all the gas- volum'fes 
^ read off in a measuring tube. 

If a gas volumeter- be employed, the reduction tube must, of course, 
be set for dry gas, or if set for moist gas, the operation must be carried 
out as described on p. 84, most conveniently by sucking a tiny 6'rop of 
water into the gas measuring tilbe. 

Baskerville and Miller ^ have stated that mercury is attt^cked at 
ordinary temperatures by sulphuric acid of sp. gr. 1*84 with the formation 
of sulphur dioxide, and that this may give rise to errors in hitrometric 
work. Pitman ^ has shown that this objection is groundless, and this 
has since been admitted by the above authors ; ^ they now stated that 
such action only occurs with acid of 9b per cent, stfength and not with 
acid of 94 to 95 per cent.^ such as is generally used for laboratory 
work. ’ 

The view that the solubility of nitric oxide in the resulting solutions 
may lead to appreciable error has been disproved by Lunge, ^ Nernst 
and Jellinek;'’ Tower,® and by Newfield and Marx.^ 

The Schlbsing-Grandeau-Wagner Method.^ 

This method depends upon the reduction of nitric acid teJ nitric 
oxide, which is collected and measured. 

The apparatus required for the determination consists of a flask of 
250 to 300 c.c. capacity, closed by a double-bored rubber stopper and 
furnished with a tap-funnel of 15 c.c. capacity. The lower end of the 
funtiel-tube, which is fused together so as to contfact the outlet, reaches 
to the middle of the flask, but not to the solution. A tube, suitably 
bent to dip into a ^lass dish containing well-boiled water, passes 
through the second opening in the stopper ind serves as the exit-tube 
for the liberated gas. The measuring tube, which is preferably pro- 
vided with a glass Up at its upper end and graduated from the top 
downwards m c.c., is supported above the dish In a clamp. Forty 
* c.c. of ferrous chloride solution, containing 400 g. per litre, and an equal 

* Ch/m. Cent)'., 1898,^., 85. 

8 Ibid., 1898, I., 709. ^ Ibid., 1898, II., 89. 

* Ber.y 1885, 18, 1391 ; 1886, 19, III. Cnem. News, 18&6, 53, 289. 

5 Z. ttnorg. Chen^., 1906,49, 219 and 236. “ Ibid., 50, 382. a. 

'7 / Amer. Chern. Soc., 1906, 28, ." 77 - “ 1883, 7 ) Uio I 1884, 8, 475 * 
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volume of well-boiled lo per cent, hydrochloric acid, are introduced 
into the flask ^nd the contained air expelled from *the apparatus by 
continued boiling, care b(|ing taken that the funnel-tube alw.ays^contains 
hydrochloric acid. When all ^ir ha% been expelled ihe gas exit-tube 
is placed in position below the measupng tube and lO c.c. of a normal 
saltpetre solution, containing exactly 33 pure sodium nitrate per litre, 
is introduced into the funnel-tul^e. The tap is, then turned so as to 
aHow thig solution to flow drop by drop into Wic^bpiling ferrous chloride 
solution. When aU but a aihal^ volume has been iu' ^^^^xed the funnel • 
is washed out twice with 10 per cent hydrochloric acuJ, which, like the 
nitrate solution, is added drop by drop •to the boiling solution in 
the flsBk. The operation is finished whe*n the evolution of nitric oxide 
ceases. About 90 c.c. 0/ nitjfic oxide skould^result under the foregoing 
conditions. The measuring tube is removed and, supported by a small 
dish containing water, cautiously transferred to a correspondingly tall 
glass cylii!der filled with waters A s(acond measuring tube is then 
brought into position and, without interrupting the boiling, a measured 
volume of a solution of the nitre J:o be tested is introduced and treated 
as above described^ and so on with a third, fourth, and further tests as 
required. When the several tubts have attained the temperature of 
the cooling water tHb volurt>e* ©f nitric oxide in each is read off, after 
raising the tube so as to bring the water inside and outside to the same 
level. The content of each solution is obtained by comparing the gas 
volumes evolved from the sample and from the standard solution re- 
spectively. When carried out in this manner the method is very simple, 
and may be recommended ; it requires, however, careful manipulation. 

According to Liechti and Ritter,^ who have thoroughly investigated 
Schlosing’s method, good results are obtained even in the presence 
of organic matter, for which purpose it was originally worked out ; this 
has, however, t^pen disputed by R. Pfeiffer.^ • 


Method by ignitiem with Potassium Chromate or with Silica. 

• \ • • 

To the dried o-Sooef of substance used for the moisture determina- 
tion (p. 472) is added approximately 3 g. of a piixt'^rp^pf equal parts 
of bichromate and neutral chromate of pptassium which has b’eeiT fused 
and finely ground when cool, and the whole heated, at first gradually 
and finally more strongly, till the mass m^elts unfforml)*. The loss in 
weight = This method can only be used if the Sample is quite , 

free from^ alkali carbonates. An alternative method is to ignite a 
mixture oT 2 g. of the salt with about Seven times ite weiglit of ignited 
silica iire£ from carbonates, for from two to fouf hours at a good red 
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Pauli recommends this method, but Alberti and Hempel ^ together 
with most other authorities do not consider it sufficiently trustworthy. 
The method cannot be employed in the preseppe of perchlorate. 

fck ' H 

Determination of Perchlorate and of Chlorate 

Sodium perchlorate is directly injurious in many of the applications 
of saltpetre. It occur^s in practically all shipments of Chili nitre, and its 
' presence must ? 4 ways be taken into account ' A method for its qualitative 
detection has been described on p. 471. 

All methods for the cstHnation of the perchlorate are based on a 
determin?Aioii of the chlorine' present as chloride in the sampb, the 
conversion of perchlorate to chle>ride in a second portion of the material, 
and the determination of the total chlorine then present as (;^loride; 
the difference between the two tests represents the perchlorate. 

The conversion of the peri:hlorate to chloride may be effected by 
simply heating for a sufficient length of time, whereby the oxygen of 
any perchlorate present is driven off. - 

Sjollema’^ and Freytag ‘ have givei'hdetailed instrections for carrying 
out the estimation on this principle. To quicken the reaction and 
to render the complete deoxidation of the perchlorate more certain, 
various additions have been proposed : lead shavings (Selckmann 
iron filings (Honig^*), sodium carbonate (Forster^), calcium hydroxide 
(Blattner and Brasseur^). 

Erck^ proposes to decompose the chloride first by boiling with 
nitric acid of sp. gr. 1-4, and alcohol, and then to convert the perchlorate 
into chloride by ignition. 

Winteler^^ has pointed out various sources of error in the earlier 
methods. He finds that fuming nitric acid will quantitatively reduce 
perchlorate to chloride at 200^ in a sealed tube. Any chloric acid 
originally present must, however, be removed by evaporation with 
hydrochloric acid. 

Various authorities recommend an addition "of native peroxide of 
manganese (pyrolusite) for the better decomposition of the perchlorate. 
This was first pj;oposed by Hellich.^^ Ahrens and Hett^- heat the 
nitre t*o f'Usidn''and redness with sodium carbonate and chlorine-free 
manganese dioxide, to facilitate the decomposition of the perchlorate, 

L 

^ /. Soc. C/f^m, , 1897, 16;' 494. “ Z. dngew. Chm., 1892, 5, 103. 

‘ Chem. ZeiL, 1896, 20, 1002. 

^ Chem. Centr.^ 1898, I., 1 203 ; Z. angew. Chem.^ 1898, II, 1021. 

^ Z. angevj. CJufr., 1898, ii, loi. ** Chem, Zeil.^ 1903, 27, 32. 

’ Ibtd., 1898,22, 357- " 589. 

“ Ibid., 1897, 21, 21. ’ 10 /(nd.^ 75. 

y Chem. Zeit.^ 1894^18, 485. 

Chem. CeHtr.y 1898, II., 5^8 ; Z. angew. Chem,^ 1898, II, I02or. 
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treat the solu^on of the melt with nitric acid a^id potassium pei^ 
manganate to permanent coloration, and determine the. chloride by 
Volhard’s method. 4 » • 4 

C. Gilbert {Methoden ztir Bestlnu^iing des PerchloratSy Tubingen, 
1899) gives the following directions fos carrying out* the pyrolusite 
method: — Twenty-five g. of nitjfc is dissolved* in water, made up to 
2^0 C.C., ^nd the chloride determined by titrating 50 c.c.^of the filtered 
solution with silver nitratfe (g c.c. = 001 g. NaC],V ^^nd potassium* 
chromate (see p. 73). A second 25 g. of the mtre, preferably after 
the addition of 2*5^ g,^ of the purest po\fdered pyrolusite (Merck’s), 
is heated for half an hour at 540'' in afi air-bath in* a nick«l crucible 
fitted with a deep concave ]id, and hating a capacity of 70 c.c. The 
aqueous solution of the melt is then ipade up to 250 c.c., filtered, and the 
chlorine again determined as above. The air-bath recommended is that 
designed i 3 y Lothar Meyer; it* will hold ^rom three to six crucibles, and 
should be fitted with a gas regulator and a Le Chatelier pyrometer or 
thermometer reading up to 570^. Dupre ^ jDroceeds in essentially the 
same manner, orflitting the pyrolusite, but heating 20 g. of the 
sample for one hour at 545° in &n air-bath of the type recommended 
by Gilbert. Insteafl of a pyrometer, a covered nickel crucible may 
be used in which is placed a platinum crucible, resting on a layer of 
asbestos paper,* and containing about i g. of potassium perchlorate. 
By observing, after the completion of the heating, whether the residue 
in the platinum crucible fuses without any appreciable evolution of gas, 
a gauge of the temperature employed is obtained. The chloride may 
also be determined by Volhard’s method (p 74), or gravimetrically. 

SlioLild iodate be present, Ahrens and H. Gilbert effect the fusion 
with addition of sodium carbonate. Twenty g. of the dried nitrate is 
thoroughly mpistened with 2 to 3 c.c. of a concentrated solution 
of s6dium carbonate, i g. oj" pyrolusite added, the jnixture dried and 
maintained ir#a state of fusion at a low red heat for fifteen minutes. 
The solution of the mel^ is then oxidised with potassium permangiwiate 
solution, and the chlorfiTe determined by Volhard’s method. 

Sodium chlorate as well as perchlorate has, been detected in Chili 
saltpetre, and methods ^r its estimation have been ^Tcvisdtl. In 
the examination of 107 samples of nitre, Marcher found the per- 
centage of perchlorate present to vary from 0-27 to 5*^, with a mean 
value of 0-94 per c^nt., and in addition o-i to 10 jTer ceift. f)f chlorate, as. 
determined by the method then in vogue. The presence of perchlorate 
is regarded as objectionable in nitre intended for agricultural purposes, 
and although the practical investigation into the extent of the injury it 
nj^y*cause has not yet be*en conclucfed, it has been suggested that the 
maximum quantfty to be allowed should nqj: exceed i J*per cent 
1 /. Soc, Chem, Ind.^ 1903, *21, 825. * Ci^m, Centr,^ 1898, II., 925, 
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Mennicke^ estimates a mixture of chloride, chlorate, ^nd perchlorate 
in the following manner, (a) The nitre is ignij^d with addition of alkali 
hydroxide or carbmate to convert all the chlorine • ompounds to chloride, 
^Vhich is determined, (d) Chloride and chlorate are estimated by gently 
boiling 5 g. of Lhe nitre with lo g. of zinc dust (free from chlorine), and 
150 c.c. of I per cent, acetic acid for half an hour, filtering and determin- 
ing the chloride, (c) The chloride originally present in the nitre is 
’ determined directly. This method has^shdwm the presence of appreci- 
able quantities of chlorate. 

Blattner and Brasseur^ treat a solution of 5 to 10 g. of the nitrate 
with excess of sulphurous acid, either as gas or in solution, thereby 
reducing only the chlorate and not the perchlorate, drive off the excess 
of sulphur dioxide by boiling, and saturate the warm solution with 
calcium carbonate. The chloride is estimated in the cold filtered 
solution in the ordinary manner, and the chlorine present in the sample 
as chlorate is obtained by deducting from this value that of the chloride 
originally present in the nitre. The total chlorine is determined by 
igniting the saltpetre with calcium hydroxide as described above, and 
the perchlorate arrived at by difference. 

Arnould ^ has described the following tnethod, Which is employed in 
the French Government laboratory. The chloride originally present is 
precipitated by the addition of neutral silver nitrate solCition and filtered 
off ; the chlorate in the filtrate is reduced by warming this to 90°, and 
adding an excess of lead nitrite, prepared by simply shaking lead nitrite 
with water and without filtering; any cloudiness due to the nitrite 
is removed by the addition of a few drops of dilute nitric acid. If any 
opalescence persists after this treatment, chlorate is present, and the 
amount is estimated by comparison with similarly prepared solutions 
to which known quantities of chlorate have been added. For the 
French powder factories it is specified that the nitre must contain less 
than o-oi per cent, chloride, 0 01 per cent, chlorate, and o-i per cent, 
perchlorate. 

Lemaitre'* reduces the perchlorate by fusion ’with sodium sulphite; 
this method has been improved by Tschernobojew,^ who has .shown 
that chlor^fe can be determined simultaneously. 

‘ f 

CONTROL 01; WORKING CONDITIONS 

* The process control in the manufacture of nitric acid consists essen- 
tially in the .determination of the yield and of the quality of Gie nitric 
acid. In addition, care must be taken that no nitrogen oxides escape 

1 Zeil. Rfp^^ 1898, 22, 1 1 7. - 1 900, 24, 793. 

^ Memy'tal des jioudres et salpt Ires ^ \<)02. 

* * Monit. Setent.y 1904, .. 3 , 2t3; Chem. Centr,^ 1904, I., I427. 

® Chem, Ze%t.^ 1906, ^9, 442. 
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into the chimrjey or into the atmosphere ; the tests applied are similar 
to those empl(^ecl in th| sulphuric acid industry 406). 

The bisulphate dr^wn fronj the i^tort must also Ije examined ; this 
is done in the following manner : — ’ • 

1. Free acid is estimated by titratfon with normal soidium hydroxide 
solution. In the presence of considerable amounts of iroA oxide or of 
alumina no indicator is added, ai?d the fitratjon is considered finished as 
soon as the first signs of a^piernlanent flocculenf prrclpit^te appear. • 

2. Nitric acid inay be determined in the nitrom^er or gas volumeter 
as in the nitrometric method for the estimation eff saltpetre. . The acid 
sulplT^ite is dissolve*d in the minimum qi>antity of watea* iivth^cup above 
the tap, and decomposed with a large ^excess of sulphuric acid (pp. 79 
and 82). Since the quantify of nitric acid ‘present in acid sulphate is 
always small, a nitrometer with a narrow measuring tube as used in the 
examination of acids, or witji a centrg.! bulb (Fig. 27, p. 81), should 
be employed. 


AMMONIA OXIDATION PROCESSES 

In these processes ammonia is oxidised by the oxygen of atmos- 
pheric air, with the aid of a catalyst, to nitric oxide, which is then 
further oxidised so as to become ultimately nitric acid or a nitrate. 
Under certain conditions some of the ammonia may escape oxidation 
altogether, and some may be oxidised only so far as to produce 
nitrogen. For the control of the process it is necessary to know what 
percentage of the ammonia introduced is actually converted into 
• oxidised nitrogen. This is ascertained by an examination of the 
mixture of air and ammonia introduced into the plant, and of the 
ga.scs after pa*ssing the catalyst. 

•Methods of analysis h^vc been described by P*ox^ and by Taylor 
and Davis, “ but a considerable simplification was made by Gaillard,^ 
who weighed the gtis(5s\examined instead of measuring them. 

The determination rests on the principle that, if all the ammonia 
is converted into oxide^ of nitrogen, the pbrcenL«»v.^^. weight of 
nitrogen in the form of oxides in thc 5 e»i< gasc.s will be equal to the 
percentage by weight of nitrogen m the forrji of ammonia in the 
entrance gases, Jf oiily a portion is tfonvert^, thij ratio of these 
percentages will be a measure of the efficiency of the conversion. * 

Gailkrd’s description of his method is as follows : — Fciir glass bulbs 
(the determinations being made in duplicate) of 500 to 600 c.c. capa- 
city* *afld weighing each. 60 to 8o*g., with gas-tight stopcocks well 

^ /. f^d. Eng. Chem.y 1917 , 9 , 737 . 

Ibid., 1917 , 9 , 1106 . 


Ihid.^ 1919, II, 745. 
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greased, arc evacuated to a pressure of about 2 cm. of mercury, care- 
ftilly wiped outside, and weighed, A check weighing Is made after a 
minute so to m^ke sure that there is no leal<ag^e. Leakage can also 
be detected by inverting'the bulb and allowing the small quantity of 
water remaining from the previous test to run down into the glass tube 
of the stopcock, when tjie slightest leak will show itself by air bubbles. 
As soon as possible after^ the weighing, the bulbs are connectea to 
•short glass sampling tubes of small bore ‘-by means of tight rubber 
tubes ; over the glass tubes are stoppers which fit tightly into the 
sampling holes of the ionvertipr (Fig. 204). The bulbs are now adjusted 
^ - ‘.t to thei sampling holes, and are kept „there 

about Ijalf a minute before the samples are 
taken, to bring tfie tubes to the same tem- 
Tzzzz^ ^2ZZ2 pcrature as the gas. The samples are then 
W W taken ,^s rapidly as possible, with ^►stopcocks 

opened wide, to prevent moisture from con- 
densing in the tubes. This is of special 
importance in [.he exit sample because of the 
water formed ^in the reaction. The bulbs are 
now disconnected .from the sampling tubes, 
wiped, allowed to remain near the balance 
case for five minutes, and weighed. The tube 
of the bulb containing an entrance sample is 
immersed in distilled water and the cock 
opened ; as much water as will is allowed to 
enter and the stopcock closed. The bulb 
is then shaken for a minute to absorb the 
ammonia. The tube is then applied to the 
mouth, the cock opened and air blown into 
the bulb, and the cock closed again. The 
contents of the bulb arc then discharged into 
25 c.c. of A710 sulphuric acid accurately measured 'from a burette into a 
600 c.c. beaker. The bulb is washed out three times and the washings 
added to the liquid in the beaker, water being introduced into the bulb 
each time b> luVr^sucking air out. The excess acid in the beaker is 
’ then titrated, using methyl rtjd as an indicator. 

Into the bulb containing an ^xit sample about 100 c.c. of water is 
introduced, c^re, being taken not to introduce any air. Then about 
25 c.c. of oxygen is drawn in from any convenient reservoir, the bulb 
is shaken fora minute, and allowed to stand for at least anothe'/'minute. 
Any vacuum remaining is then relieved by opening the stopcock to the 
air. The cock is thenjclosed and' the bulb “shaken for five minhtes. 
The liq'uid in ^he bulb and three subsequent u^ashings are then 
transferred to a 600 c.c. beaker containing 15 c.c. of Njio sodium 
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hydroxide diluted to about 75 c.c., and titrated, usjng methyl red as 
indicator. It i? preferab|le to finish both titrations in the sajne^irection, 
by adding in the seccgid titration aif excess of acid, *nd titrating back 
with N/io alkali. ^ * 

A representative calculation is given js follows : — * 


Entrafice Samples. * 


• 

* • hull) 1, • 

Bulb 2. 

Weight of bulb ayd sample* .| . 

63*1^0 

69*0565 

Weight of bulb ^ . 

62*5025 

68*4605 

Weight of sample 

0'657;- . 

0*5960 

Stffudard acid used 

21*05 c.c. 

^18*95 c.c. 

• 

# § 

,'21*05 ^ 0-0014 

18*95 XO-OOI4 

Per cent, combined nitrogen . . . . 


0*5960 


1 =4-48 

= 4-45 

Exit * Sam pies. 




Bulb 3. 

• Bulb 4. 

\^eight of bulb and sample , * . 

• 75-0775 

67*6830 

Weight of bulb . . . • . 

74*4865 

67*0580 

Weight of sample * . . , . • . *• 

0*5910 

0*6250 

Standard alkali used . . * . 

17*23 c.c. 

18*30 c.c. 


' 17*23 X 0*0014 

18*30 X 0*0014 

Per cent. coml3*ned nitrogen . . . . 

J ' ~o*'59'io 

0*6250 


1 = 4*08 

= 4*10 


P3f(iciency of conversion 


4:£9 

4-47 


91-6 per cent. 


AmmQnia remaining unoxidised is usually very small in amount ; but 
it can be estin\ated by colorimetric methods in the neutralised liquid 
from the exit samples, and the results modified accordingly. 


NITRIC ACID 


Pure, absolute mtwc* acid, IINO^, is very difficult to prepare, and 
scarcely keeps any length of time, owing to the liberation of oxygen with 
formation of nitrogen peroxide, which latter causes th^coltiurle^^s acid 
to turn yellow or, with larger quantities of nitrogen peroxide, red. The 


boiling point is 86°^ the specific gravity at/4r slig];itly above 1*52 


The hydrates of nitric acid have been especially studied by Klistcr 
and Krefhann.^ • * • 


The strongest commercial acid has, when pure and almost free from 
nitrogen pero^dde, a sp. gi*. of 1-50 of slightly higher, corresponding to 
9/f to 95 per cent.^HNOg. It begins to boil a little* above ^6°, the 

^ anorg. Chem.y 19<y4, 40, 
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boiling point rising as distillation proceeds, as more acid than water 
distils over, nntil 120-5“ is reached, at which tomperatu^re an acid con- 
taining GS-g per *cent. HNO3, havmg a spr gr. 1-42, distils over 
unchanged. Weaker acids have again a lower boiling point, and yield 
on distillation, with a continual rise in temperature, more water than 
acid until the boiling point 120-5“ is attained, when acid of the above 
composition distils over. 

Lunge and Rev’s ' investigations into the relationship between the 
specific gravity and percentage content of nitric acid solutions have led 
to the older tables, such as that of Kolb, being superseded. The 
following Mtabie is based on their researches. The specific gravity 
determinations made by Win 4 eler- have been shown to be unre- 
liable by Lunge,'^ by Veley and Manley,'^ and by Piitzer.^ Values 
agreeing with those of Lunge and Rey within, at the outside jj lu 
in one case only), have been obtained by Veley and Manley;^' who add 
that greater concordance is scarcely to be expected between different 
observers employing different methods. 

An additional table (p. 493) for- correcting the specific gravity 
obtained at higher or lower temperatiires to the normal value, viz. the 
specific gravity of the acid at 15“, compared with Wetter at 4" as theunit,^ 
is also given. 


Table of the Specific Gravity of Nitric Acid of various strengths 
at 15" C. referred to Water at 4 C. 


Spec, 

Orav. 

at 

If/ 

4^ 

(tft 

Daetto). 

09 

u S 

al 

O' 

u'rt 

N' ,(V.. 

100 I’ar 

UNO,; 

s by wcMi'ht coiilai 

Aeiil ' Acid 
of 1 of 

30 n j 40 ’ll 

Acid 

of 

48 V B, 

NV),. 

1 I.iti 

UNOji. 

0 coiiLai 

Acid 

(d 

B. 

18 kg. 

Acid 

of 

40' B.' 

Acid 

of 

4Si" B. 

1-000 

0 

0 

0-08 

0-10 

0-19 

0-16 

0-10 

o-ooT 

0-001 

0-002 

0-002 

0-001 

TOO. 5 ' 

0-7 

1 

0-85 

1-00 

1-89 

1-61 

1 -03 

0 -JO 8 

0-010 

0-019 

0-016 

0-010 

l-OlO 

1-4 

2 

1 -62 

1-90 

3-60 

3-07 

1-95 

0-0 TG 

0-019 

0 - 03 G 

0-031 

0-019 

1-015 

2-1 

3 

2-39 

2-80 

5-30 

4 -.52 

: 2-87 

0 024 

0-028 

0-053 

0-045 1 

1 0 - 0-29 

1-020 

2-7 

iU- 

-?.- l 7 

3 70 

7-01 

5-98 

3 - 79 - 

0-033 

0-038 

0-072 

0-061 1 

0-039 

1 1-025 

3-4 

* 5 

3-91 

4-60 

8-71 

7-43 

4-72 

0-040 

0-047 

0-089 

0-076 ' 

0-048 

1-030 

4-1 

() 

4-71 

5-.')0 

10-42 

8-88 

5-64 

0-049 

0-057 

0 108 

0-092 

0-058 

1-035 

4-7 

7 

5*47 

^ 6-38 

12-08 

10-30 

G -54 

0-057 

0-066 

0-125 

0-107 

0-068 

1-040 

5-4 

8 

6-22 

7-26 

13 - 75 - 

11-72 

7-45 

0-064 

0-075 

0-142 

0-121 

0-077 

1 - 04 .') 

< 1-0 

P 

0-97 

f 8-13 

10-40 

13-13 

8-34 

0 073 

G '085 

0-161 

0-137 ! 

0-087 

1-050 

6-7 

10 

7-71 

8-99 

17-03 

14-52 

9-22 

0-081 

0-094 

0-178 

0-152 1 

0-096 

1-055 

7-4 

11 

8-13 

9-84 

18-64 

15-89 

10-09 

0-089 

0-104 

0-197 

0-168 1 

0-107 

l-OOO 

8-0 

i )2 

9-15 

10*68 

20 23 

. 17-25 

10-95 

0 097 

0-113 

0 - 214 ' 

0-182 

1 

0-116 


^ Z. att^fw. Chem.y 1891, 4, 165 ^ Chem. 1905, 29, 6 &} and I'OOQj 

3 1905, 2^, 689 anjl 1072. “ Ihtd.y 1905, 29, loyo. 

• “ Ibtd., 1905, 29, 1221. , ” /. Soc, Chem. Ind.y i'903, 22, 1228. 

’ Cf. Fuchs, who has published a detailed table, Z. angtw, Chem.., 1898, il, 747. 
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Table of t\e Specific Gravity of Nitric Acid,*etc. — Continued, 


Kpi'C. 

Gray. 

at 

16^ 

4“ 

(in 

vacnoji 

• 

Degrees 
» Baume. 

Degrees 

Twaddell. 

A • * 

400 Parts by weight contain 


.y 

f Litre contains kg. 

• 

N-jO.-, 

UNO.,. 

Acid 

of 

86 13. 

9 

Acid 

of 

, 4(rB. 

♦Acid 

of 

.48^-13. 

• 

♦ •' 

« 

UNO.. 

Acid 

^of 

3C B. 

Acid 

of 

40' B. 

Acid 

nf 

48i“ B. 

1-065 

8-7 

13 

§•87 

11-51* 

*21 -to 

18-59 

11-81 

0-105 

0-123 

0-233 

0-198 

0-126 

1-070 

9-4 

14 

10-57 

12-33 

23-35 

19-91 

12-65 

0-113 

0-132 

0-250 

0-213 

0-135 

1-075 

10-0 

15 

11-27 

13-15 

24-91 


13-49 

0-1 ‘ J 1 

0 -Ml 

0-267 

0-228 

0-145 

1-080 

10-6 

16 

11-96 

13-95 

26-42 

22-53 

14^31 

0-129 

0-151 

0-286 

0-244 

0-155 

1-085 

*11-2 

17 

12-64 

14-74 

27-92 

23-80 

•15-12 

0-137 

O'feO 

•0-303 

0-258 

0-164 

1-090 

11-9 

18 

13-31 

15-53 

29-41 

25-08 

15-93 

0*145 

0-169 

0-320 

0-273 

0-173 

1-095 

12-4 

19 

13-99 

IQ -32 

,30-91 

26-35* 

16-74 

0-153 

0-179 

0-339 

0*289 

0-184 

1-100 

13-0 

20 

14-67 

17-11 

32-41 

27*63 

l 7-5 i ? 

0-161 

0-188 

0-356 

0-304 

0-193 

1-105 

lS -6 

21 

15-34 

17-89 

33-89 

28^89 

18-35 

0-170 

0-198 

0-375 

0-320 

0-203 

1-110 

14-2 

22 

16-00 

18-67 

35-36 

30-15 

19-15 

0-177 

0-207 

0-392 

0-335 

0-212 

1-115 

14-9, 

23 

16-67 

19-45 

3 Cv 84 

31-41 

J 9-95 

0-186 

0-217 

0-411 

0-350 

0-223 

1-120 

15-4 

24 

17-34 

20-23 

38*31 

* 32-67 

20*75 

0-195 

0-227 

0-430 

0-366 

0-233 

1-125 

16-0 

25 

18-00 

21-00 

39-77 

33-91 

21 -54 

0-202 

0-236 

0-447 

0-381 

0-242 

1-130 

16-5 

26 

18-66 

21-77 

41*23 

35-16 

22-33 

0-211 

0-246 

0*466 

0-397 

0-252 

1-135^ 

17-1 

27 

19-32 

22-54 

4 2 -6 9* 

36*40 

23- l^i 

0-219 

0-256 

0-485 

0-413 

0-263 

1-140 

17-7 

28 

l #-98 

23-31 

44*10 

37-65 

23-91 

0-228 

0-266 

0-504 

0-430 

0-273 

1-145 

18-3 

29 

20-64 

24-08 

45-61, 

38-89 

24-70 

0-237 

0-276 

0-523 

0-446 

0-283 

1-150 

18-8 

30 

21*29 

24-84 

47-05 

40-12 

2 S -48 

0-245 

0-286 

0-542 

0-462 

0-293 

1-155 

19-3 

31 

21 -lft 

25-60 

. f 8 i 49 

41-35 

26-26 

0-254 

0-296 

0-561 

0-478 

0-304 

1-160 

19-8 

32 

22-60 

26-36 

49*92 

42*57 

27-04 

0-262 

0-306 

0-580 

0-494 

0-314 

1-165 

20-3 

33 

23-25 

27-12 

51-36 

43*80 

27-82 

0-271 

0-316 

0-598 

0-510 

0-324 

1-170 

20-9 

34 

*23-90 

27-88 

52-80 

45-03 

28-59 

0-279 

0-326 

0-617 

0-526 

0-334 

1-175 

21-4 

35 

24-54 

28-63 

54-22 

46-24 

29-36 

0*288 

0*336 

0-636 

0-543 

0-345 

1-180 

22-0 

36 

25-18 

29-38 

55-64 

47-45 

30-13 

0-297 

0-347 

0-657 

0-560 

0-356 

1-185 

22-5 

37 

25-83 

30-13 

57-07 

48-66 

30-90 

0-306 

0-357 

0-676 

0-577 

0-366 

1-190 

23-0 

38 

26-47 

30-88 

58-49 

49-87 

31-67 

0-315 

0-367 

0-695 

0-593 

0-376 

1-195 

23-5 

39 

27-10 

31-62 

59*89 

51-07 

32-43 

0-324 

0-378 

0-715 

0-610 

0-388 

1-200 

24-0 

40 

27-74 

32-36 

61-29 

52-26 

33-19 

0-333 

0-388 

0-735 

0-627 

0-398 

1 '205 

•24-5 

41 

2 S -36 

33-09 

G 2-67 

53-23 

33*94 

0-342 

0-399 

0-755 

0-644 

0-409 

1-210 

25-0 

42. 

28-99 

33-82 

64-05 

54-21 

34-69 

0-351 

0-409 

0-775 

0-661 

0-419 

1-215 

25-5 

4? 

29-61 

34-55 

1 65-44 

55-18 

35*44 

0*360 

0-420 

0-795 

0-678 

0-431 

1-220 

26-0 

44 

30-24 

35-28 

66*82 

56-16 

36-18 

0-369 

0*430 

0-815 

0-695 

0-441 

1 -225 

26-4 

45. 

30*88 

36-03 

68-24 

57-04 

30-95 

^>-378 

0-441 

0-835 

0-712 

0-452 

1-230* 

26-9 

46 

81-53 

36-78 

69-66 

59-13 

37-72 

0-387 

0-452 

0-856 

0-730 

0-466 

1-295 

27-4 

47 

32-17 

37*53 

•71-08 

60-61 

38-49 

0-397 

0*463 

0-877 

0-748 

0-475 

1-240 

27-9 

4 ^P 

32-82 

38-29 

72-52 

61-84 

39-27 

0-407 

0-475 

0-900 

0-767 

0-487 

1-245 

28-4 

49 

33-17' 

*39-05 

73-96 

63:07 

40-05 

0-417 

0-486 

0-921 

0-785 

0-498 

1-250 

28-8 

50 

34-1^ 

3»-82 

75-42 

Ol ^ U * 

40*84 

0-427 

0-498 

0-943 

0-804' 

0-511 

1-255 

29-3 

51 

34-78 

^0*58 

76-86 

65-54 1 

41-62 

0-437 

0*509 

0-965 

0-822 

0-522 

1-260 

29-7 

52 

35-44 

41-31 

78-30 

66 ’76 

42-40 

0-447 

0-521 

0-987 

0-841 

0-534 

1-265 

30-2 

53 

36-09 

42 -lOi 

79-74 

67-99 

43-18 

0^57 

o-:%v 


0*860 

0-547 

1-270 

30-6 

54 

1 36-75 

42-87 

81*20 

69-23 

43-97 

0-467 

0-544 

1-031 

0-^79 

0-658 

1-275 

31-1 

55 

i 37-41 

43-64 

82-65 

70-48 

44-7^ 

0-477 

0-556 

1 -054 

0-898 

0-570 ‘ 

1-280 

31-5 

56 

1 38-07 

44-41 

81-11 

71-72 

45-55 

0-487 

0-568 

1-077 

0-918 

0-583 

1-285 

32-0 

57 

38-73 

45-18 

85-57 

72-90 

46*34 

0-49^ 

0-581. 

1-100 

0-938 

0-596 

1-290 

32-4 

58 

39<«9 

45*95 

87-03 

74*21 

4 fl 3 

0-50« 

0-595 V 

1-123 

0-957 

0-608 

1-295 

32-8 

59 

40-05 

46-72 

88*48 

75-45 

47-92 

0-519 

0-605 

1-146 

0-977 

0-62» 

1-300 

33-3 

60 

40-71 

47-49 

89-94 

76-70 

48*71 

0-529 

0-617 

1-169 

1 0-997 

0-633 

1-305 

33> 

61 

41-37 

48-26 

91-40 

77-94 

49-50 

0*540 

0-630 

1€93 

1-017 

0-646 

1-310 

34-2 

62 

42-06 

49-07 

92-94 

79-25 

50-33 

0-551 

^-643 

1-218 

1-088 

0-659 

1-315 

.34-6 

63 

42-76 

49*89 

94-49 

80-57 

51-17 

0-562 

0-656 

1-243 

1-059 

0-673 

1-320 « 

3 f -0 

64 

43-47 

50-7\ 

; 96-05 

8 P -90 

52-01 

0^73 

0-669 

1-268 

1-080 

0-686 

1*^25 

36*4 

65 

44^7 

51-53 

97*60 

83*22 

52-85 

0-^85 

0-683 

1*294 

i ; i 03 

0-701 

1-830 

36-8 

66 

♦4-89 

52-37 

1 99*19 

84-68 1 

53-71 

0-697 

0-69? 

1-320 

1-126 

D -716 

1-3326 

86-0 

66-5 

45-26 

52-80 

100-00 

85-27 ' 

l ^4- n 5 

0-603 

0-704 

1-833 

1-137 

0-722 
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V Table of the Specific Gravity of Nitric Acid, Continued, 




Spec. 

Qftiv. 




100 Parts by wHlght contain 

' 

1 Litre contains k^;. 


at 

K 

2 '<33 

li 




AeiC 

Acid 

Acid 



Acid 

Acid 

Acid 

(in 

vacuo ^. 



N0O5. 

UNO.- 

of 

86" B. 

of 

40' B. 

of 

48\"B. 

N2O5 

1 HNO.!. 

of 

80' B. 

of 

40" B. 

of 

48i'‘B. 

1-335 

36-2 

67 

45 -^2 

53-22 

100-80 

85-95 

"4-58 

0-609 

0-710 

1-346 

1-148 

0*728 

1-340 

36-6 

68 

46-35 

54-07 

102-41 

87-32 

55-46 

0-621 

0*725 

1-373 

1-171 

0-744 

1-345 

37-0 

69 

47-08 

24-93 

104-04 

88-71 

56-81 

0-633 

0*739 

1-400 

1-193 

0-758 

1-350 

37-4 

70 

47-82 

55-79 

l(/o-67 

90*10 

57-22 

0-645 

0-753 

1*427 

1-216 

0-772 

1-355 

37-8 

71 ' 

48' 57 

56-66 

107-.ti 

91-51 

58-11 

0-658 

0-768 

1*455 

1-24^ 

0-788 

1-360 

38-2 

72 

49-35 

57-57 

109-03 

92-97 

59-05 

0-671 

0-783 

1*483 

1-265 

0-803 

1-365 

38-6 

73 

50-13 

58-48 

110-75' 

94*44 

59-98 

0-684 

0-798 

1-513 

1-289 

0-818 

1-870 

39-0 

74 

50-91 

59-39 

112-48 

95-91 

60-91 

0-698 

0-814 

1-543 

1-314 

0-835 

1-375 

39-4 

75 

51-69 

60-30 

114*20 

y7-38 

61-85 

0*711 

0-829 

1-573 

r 339 

0-850 

1-380 

39-8 

76 

52-52 

61-27 

116-04 

98-95 

62-84 

0-725 

0-846 

1-603 

1-366 

0-868 

1-3833 

40-0 


53-08 

61-92 

117-27 

100-00 

63-51 

0-735 

0-857 

1-623- 

1-383 

0-879 

1-385 

40-1 

77 

53-35 

62-24 

117-88 

100*51 

63-84 

0-739 

0-862 

1-633 

1-392 

0-884 

1-390 

40-5 

78 

54-20 

63-23 

119-75 

192-12 

64-85 

0-753 

0-879 

1-665 

1-420 

0-902 

1-395 

40-8 

79 

55-07 

64*25 

121-68 

103*76 

65-90 

0-768 

0-896 

1-097 

1-447 

0-919 

1-400 

41-2 

80 

55-97 

65-30 

123-67 

105-46 

66-97 

0-783 

0-914 

1-731 

1*476 

0-937 

1-405 

41-6 

81 

56-92 

66-40 

125-75 

107-24 

68-10 

0-800 

0-&33 

1-767 

1-507 

0-957 

1-410 

42-0 

82 

57-86 

67-50 

127-84 

109-Olr 69-23 

0-816 

0*952 

1-803 

1*537 

0-976 

1-415 

42-3 

83 

58-83 

68-63 

120-98 

110-84 

70-39 

0-832 

p-971 

1-839 

1-568 

0-996 

1-420 

42-7 

84 

59-83 

69-80 

132-19 

112-73 

71 •59 

0*849 

t)-991 

1-877 

1-600 

1-016 

1-425 

43-1 

85 

60-84 

70-98 

134-43 

114-63 

72'80 

0-867 

1-011 

1-915 

1-633 

1-037 

1-430 

43-4 

86 

61-86 

72*17 

136-68 

116-55 

74-02 

0-885 

1-032 

1-955 

1-667 

1-058 

1-435 

43-8 

87 

62-91 

73-39 

138-99 

118*52 

75-27 

0-903 

1-053 

1-995 

1-701 

1-080 

1-440 

44-1 

88 

64-01 

74-68 

141*44 

120-61 

76-59 

0-921 

1-075 

2-037 

1-736 

1-103 

1-445 

44-4 

89 

65-13 

75-98 

143-90 

122-71 

77-93 

0-941 

1-098 

2-080 

1-773 

1-126 

1-450 

44-8 

90 

66-21 

77-28 

146-36 

124-81 

79-26 

0-961 

1-121 

2-123 

1*810 

1-150 

1-455 

45-1 

91 

67-38 

78-60 

148*86 

126-94 

80*62 

0-981 

1-144 

2-167 

1-848 

1-173 

1-460 

45-4 

92 

68-56 

79-98 

151-47 

129-17 

82-03 

1-001 

1-168 

2-212 

1-886 

1*198 

1-465 

45-8 

93 

69-79 

81-42 

154-20 

131-49 

83-51 

1-023 

1-193 

2*259 

1-927 

1-224 

1-470 

46-1 

94 

71-06 

82*90 

157-00 

133-88 

85-03 

1-045 

1-219 

2-309 

1-9C9 

1 -250 

1-475 

46*4 

95 

72-39 

84-45 

159-94 

136-39 

86-62 

1-068 

1-246 

2-360 

2-012 

1-278 

1-480 

46-8 

96 

73-76 

86-05 

162-97 

138-97 

88-26 

1-092 

1-274 

2*413 

2-058 

1-307 

1-485 

47-1 

97 

75-18 

87-70 

166-09 

141-63 

89-95 

1-116 

1-302 

2-466 

2-103 

1-335 

1-490 

47-4 

98 

76-80 

89*60 

169-69 

144-70 

91-90 

1-144 

1-335 

2*528 

2-156 

1-369 

1-495 

47-8 

99 

78-.52 

91-60 

173-48 

147-93 

93-95 

1-174 

1-369 

2-593 

2-211 

1-404 

1-500 

48-1 

100 

80-65 

94-09 

178-19 

151-96 

96-50 

1-210 

1-411 

2-672 

2-278 

;-447 

1-501 



81-09 

94-60 

179-16 

152-78 

97-03 

1-217 

1-420 

2-689 

2-293 

1-456 

1-502 



81-50 

95-08 

180-07 

153-55 

97 -.52 

1-224' 

1-428 

2-704 

2-306 

1-465 

1-503 



81-91 

95-55 

180-96' 

l.'?4-31 

98-00 

1-331 

1-436 

2-7-20 

2-319 

1-473 

1-504 



82-29 

96-00 

181-81 

155-04 

98-46 


i-444 

2-735 

2-332 

1-481 

1-505 

48-4 

101 

82-63 

96-39 

182-55 

155-67 

98-86 

1 -244 

1-451 

2-748 

2-343 

1-488 

1-50G 




-5C-94 

9676 

183-25 

156-27 

99-27 

'1-249 

1-457 

2-759 

2-353 

1-494 

. 1-507 



83 26 

97-13 

183-95 

156-86 

99-62 

1-255 

1-464 

2-773 

2-364 

1-502 

1 1-508 

48-5 


83-58 

97-50 

781-65 

157-47 

100-00 

1-260 

1-470 

2 '784 

2-374 

1-508 

1-509 



83-87 

97-84 

185-30 

158-01 

100-35 

1-265 

1-476 

2-795 

2-384 

1-514 

1-610 

48-7 

102 

84-09 

§8-10 

185-79 

158-43 

100-62 

1 -270 

1-481 

2-805 

2-392 

1-519 

1-511 

... 

1 

84-28 

98-32 

186-21 

158-79 

100-84 

1-'274 

1''486 

2-814 

2-400 

1-524 

1-512 


... 

1 84-46 

98 -.53 

186-61 

159-13 

101-06 

1-277 

1-490 

2-822 

2-406 

1-528 

1-513 



184-63 

98-73 

186-98 

159-45 

101-26 

1-280 

1-494 

2-829 

2-413 

1-532 

1-514 


.'i. 

i 84-78 

98-90 

187-30 

159-72 

101-44 

1-283 

1-497 

2-835 

'2-418 

1-535 

1-515 

49-0 

103 

! 84-9‘i 

99-07 

187-63 

160-00 

101-61 

1-287 

1-501 

2-843 

2-424 

1-589 

1-516 


... 

85-04 

99-21 

187-89 

160-22 

101-75 

1-289 

1-504 

2-848 

2-429 

1-543 

1-517 

... 

... 

85*15 

99-34 

188-14 

160-43 

101-89 

•1-292 

1-507 

2 854 

2^34 

1-546 

1-518 


... 

85-26 

99-46 

188-37 

160-63 

102-01 

1-294 

1/510 

2-860 

2-439 

l-''49 

1-519 

... 


85-35 

99-57 

188-58 

160-81 

102*12 

1-296 

l-5i2 

2-864 

2-442 

1-651 

1-520 

49-4 

104 

85-44 

99-67 

188-7? 

160-97 

102-23 

1*299 

1*515 

2*869 

2-447 

1-664 
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t 

Table for the Correction of the observed Specific Gravity of Nitric 
Acid for differences of Temperature between and 17° C. 


RpeclHc 

Corroctidn for 

« 

Sijpcific , 

JT- 

Cirrection for 

Gravity. 

i r. 

Gravity. 

# 

+ r. 

1 - 000 — 1-020 

+ 0-0001 

l-2ifl— 1-310 

+ 0-00 JO 

1 - 021 — 1-010 

0-0002 , 

1-311— 1-350 1 

0-0011 

1-041—1-070 

0-0003 

l-3l')l— 1-365 

0-0012 i 

• 1-071—1-100 

0-000.4 

1-366—1-100 1 

0-0013 1 

1-101—1-130 

• O-OOqp 

1-401—1-435 

0-0014 

1-131—1-161 

0-0006 

1-436—1-490 

0-0015 

1-162—1-200 

0-0007 • 

1-491—1-500 , 

, 0-0016 

1-201—1-245 

0-0008 

l-501-»-l-520 

0-0017 • 

1-246-1-28(1 • 

0-0009 

• 

/ 


riiLs^table has been wor ked out for pure acids, and the values do 
not apply absolutely to observations made on commercial acids, which 
are never pure. Such differences* may be considerable in the case of 
commercial nitric acid, owing to yie presence of lower oxides of 
nitrogen, generally calculated to .nitrogen peroxide. The influence of 
nitrogen peroxide 'on the spccibc gravity has been observed by many 
investigators,^ but no method has been devised to allow for its effect 
when present. Luhge and •Marchlewski- have shown that Ilirsch’s 
view, that 1 per cent, of nitrous acid corresponds to an increase of 
o-oi in the specific gravity, is untenable. Their observations gave the 
following results for the strongest commercially important acid. 


Specijic Gravity of Initial Acid 1.4960 at 15 /4 ' (in vacuo). 


per cent. 

Alteration of tho 

per cent 

Alteration of the 

N 0 O 4 
pel cent. 

Alteration of the 

Specilic Gravity 

N -04 

Specitic Gravity 
by N.JO 4 » 

Specihc Gravity 
by N.O 4 

0-25 

« -00050 

4-50 

0-02875 

8-75 

0-05825 

t;-50 

0-00075 

4-75 

0-03050 

9-00 

0-06000 

•0-75 

0-00150 

5^0 

0-03225 

9-2o 

0-06160 

1-00 

^-00300 , 

5 -25 

0-03365 

9-50 

0 06325 

1-25 

0-00475 

5-50 

.0 03600 

9-75 

0-06500 

1-50 

0-00675* . 

5-75 

0-1(3775 

10-00 

0 06600 * 

1-75 

0-00775 

6-00 

0-03950 

10-25 

0-06815 

2-00 

j 0-01050 

6-25 

0-04175 

10-50 

0-06975 

2-25 

1 0-01250 

•6-50 

0 -04300 

• 10-75 w 

-^9-071:35 

2-50 

0-01425 

6*75 

0-04475 ^ 

n-00 

0-07300 

2-75 

0-016-25 

7-00 

0-04650 ' 

1 i -25 

0-07450 

3-00 

0-01800 

7-25 

0-04720 

11-50 

0-07600 

3-25 

0-01985 

7-50 

0-85000 

0-05185 

11-75 - 

0-07760 

3-50 

0-02168 

• 7-75 

# 2-00 • 

, 0-07850 

3-75 

0-02350 

8-00 

0-05325 

12-25 

0-08060 

4-00 

0-02525 

8-25 

0-05500 

12-50 

0-08200 

4 -25 *• 

1 0-02690 

1 

8-50 

0;05660 

12-75 

• 0-08350 


^ koriHg Jacktfon and Wing, (^hem. Zeil. 1887, H, 2 ^ ; and, R. llirsch, C/iem. 
Ii88, 12 , 911. ^ 

Z,ang<!w. C 7 iem. 5, lo. 



494 


The following example, dealing with nitric acid containing nitrous 
acid, will illustrate the use of these tables. A sample of nitric 
aiLid was^ found to contain 2-93 per cent. N294, and to have a sp, gr. 
of I '4994 at 20°.» From^ the tab'ie on p. 493, 1 which may be used 
without hesitation for temperat;ures lying somewhat below 13° or 
above 17°, it will be seen that the specific gravity becomes, at 15°, 
i-4994-f-(o-o6i6x 5)= 1-5074. Accor(jing to the table on p. 493, o-oi8o 
must be deducted from this weight, for the 2-93 per cent, (or in round 
' figures 3 per cent.)^ N20^. This gives, therefore, a sp. gr. for the pure 
acid = 1-5074-0-0180= 1-4894. Foj: this value the round figure 1-490 
is taken from the table on p.'492, giving 89-60 IINO3 as the percentage 
of the sample. I'f instead of this value, which takes account Of the 
N2O4 present, the value (1-5074) obtained by simply correcting for 
temperature had been taken, the percentage of nitric acid foun^l would 

have been given as ^3+97 5^ _ Qj^tained as the mc^n of 1-507 

with 97-13 oer cent. HNO3 and ^-508 with 97-50 per cent. HNO3; 
that is, instead of the correct value 89-60 per cent., the erroneous \alue 
of 97-31 per cent. 

In the application of these high Strength nitric acids to nitration 
it is customary to regard the whole af'thc as inactive, and 

the table (p. 493) is calculated from this standpoint. It might in 
many cases be more accurate to regard half of the nitrogen peroxide 
as active, according to the equation : — 

N2O4 + Ufi - HNO3 + HNOo. 

A much smaller deduction should then be made, and for this a 
special table might advantageously be drawn up. 

Lunge and Marchlewski have endeavoured to prepare similar 
tables to make allowancb for the nitrogen peroxide present in nitric 
acid solutions of 'two lower strengths (sp. gr. 1-4509 and 1-401^8), 
which are included in the range of commercial acids. They were not 
able; however, to obtain concordant results, apparently owing to the 
partial or complete conversion of the nitrogen peroxide into nitrous and 
• nitric acids>-6^n tables are still less possiible for weaker acids (c/. 

« P- 495)- 

Estimation of Nitrogen peroxide.— This estimation for the 
correction to be applied to the specific gravity^ reading of high 
•strength nitric acid solutions (c/. p. 493) is carried out as follows: — 
The acid is allowed to flow slowly and in small quantities a,t a time, 
from an accurately c'alibrated burette, into a measured volume of semi- 
normal potassium permanganate sqlution (15-803 g. KMi^Q^ pe.r litre), 
warmed to 40^ until the colour disappears. The aci^l should be allowed 
to ^and for som‘e time in burette before the titration is made, until 
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it has attained the temperature of the room as measured by an 
accurate therrjometer ; this is indicated by the volume remaining 
constant. The H3urette should be graduated in c.c., and it should 
be possible to read v^ith certainty to o-oi c.c. fhe,numbef%f c.c. of 
acid required to decolorise the permanganate solution, multiplied by 
the sp. gr. corresponding to the room* tejnperature, givos the weight of 
acid used, from which the percentage content it} is •calculated in 
the manger described under the examination of riitrous vitriol (p. 413). 
Each I c.c. Nj2 permangauifte j^olution corresponds to 0*02300 g. ;• 
thus with a consumption of n c.c. permanganate, aifcl ;// c.c. of the acid 

under examination^ the content in N.p* = e. per c.c. The 

• • ^ 

estimation of the three nitrogen acids yi admixture is described in the 

section on Sulphuric Ac^d (p. 410). * 

The Total Acidity is generally determined in practice by the hydro- 
meter only, notwithstanding the great uncertainty inseparable from the 
method in this particular case (c/. p. 49^. It may, of course, be determined 
by tUration, and this should be /lone in all important samples. This 
estimation can be carried out without difficulty in the case of slightly 
fuming acids, either by pipetting a quantity of the previously diluted 
acid or, preferably, Isy weigbmg out a porlion of the concentrated acid 
in the bulb-tap pipette used for fuming sulphuric acid (Fig. 201, 
p. 463). In titrating, attention must be paid to the destructive action of 
nitrous acid on methyl orange. In the case of strongly fuming red 
acids, even the method of weighing in the special pipette fails to give 
satisfactory results, owing to the impossibility of completely washing 
out the nitrogen oxides, especially nitric oxide, which are continu- 
ally eVolved from the strong acid. On this account the following 
directions given by Lunge and Marchlewski should be adopted: — 
10 c.c. of the §Lcid is allowed to drop slowly, preferably from a burette, 
into 'ice-cold water, the solution made up to 100 c.c., and an aliquot part 
titrated with a very accurately prepared standard sodium hydroxide 
solution. * ^ , 

The percentage *of*total nitrogen acids may also be determined in 
the nitrometer, employing the bulb form (Fig. 26, p. 81), .so as to 
accommodate the large volume of nitric oxide evolved. '''‘The .test is 
carried out exactly as described under tl^ analysis of saltpetre, the 
quantities taken being i c.c. of the, acid, measured in an accurate 
pipette, and 10 Cic. of concentrated sulphuric* acid. » JThis method 
is, however, only employed in .samples in which a large proportion of 
sulphuric’ acid is already present, a^ for example, in titrating and 
spent.acids. 

Other Tfests. — Fixed • residue. H'his consists chiefly of sodium 
sulphate with smalfljuantities of oxide of iron, etc., and. is estimfited by 
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evaporatiii’g SO c.c. of the acid to dryness in a place protected from dust, 
igniting, and weighing. a 

V. Krauch^ states that lo g. of pure nitric acid sliould leave, on 
evaporation in a porcelain dish, only a very minute and scarcely weigh- 
aCble residue ; on an average he obtained a residue of from 2 to 3 mg. 
from 50 g. of pure concentrated acid. 

Sulphuric acid (Krauch) : 10 g. is evaporated to about i c.c. in a 
porcelain dish, the residue dissolved in 30 c.c. of water, the solutic^i 
transferred to a beaker, heated, and barijLin>'(diloride added. No sign of 
a precipitate shoufo appear in the case of acid, nitric, pur., even after 
standing for some time. 4 

In carrying tut this test,^ it is necessary to bear in mind that 
the presence of strong nitric^, acid retards the precipitation ; the 
greater part of the nitric acid must cither be removed by evaporation 
or nearly neutralised by the addition of chemically pure sodium 
carbonate. 

For the quantitative determination of sulphuric acid the solution 
is rendered nearly neutral by the addition of pure sodium carbcyiate, 
and precipitated by barium chloride as described on p. 368. If the 
acid leaves an appreciable residue on* evaporation, this must be taken 
into account, as it consists mainly of sodiiuq sulphate. 

Chlorine. (Krauch) : 50 c.c. of distilled water to which a few 
drops of silver nitrate solution have been added ehould show no 
change on the addition of 5 to 10 c.c. of “ pure ” nitric acid. This 
method of carrying out the test removes any uncertainty which may 
arise should the distilled water employed not be absolutely free from 
chlorine. 

For the quantitative estimation, the acid is neutralised’ with 
chemically pure sodium carbonate and titrated with silver nitrate 
solution ; a very slightly alkaline reaction is not prejudicial. 

Heavy metals and alkaline earths (Krauch) : 20 g. is diluted with 
water and treated with excess of ammonia, ammonium sulphide, and 
ammonium oxalate. In the case of acid, nitric, pur., no darkening or 
cloudiness should be formed. 

Iron is detected qualitatively by adding potassium thiocyanate to 
the previously diluted solution; quantitatively, by supersaturating the 
^ acid with ammonia, heating for some time, and collecting the precipitated 
hydroxide on an ash- free filter.. Traces of iron are best determined 
colorimetricaUy, by rr.eans ot potassium thiocyanate according to the 
'directions given by Lunge ^ {^cf. p. 179 et seq). 

Iodine, Krauch,, states that nitric acid is coloured ycllovS by the 
presence of ^017 per cent, of iodine, and that it may be identified by 

1 The Testing op Chemical Reagents for Purity^ trans. by H. B.'l-Hocks, 1919, p. 20l. 

* “ Z angew. Clem.y 1896, 9, 3* “ 
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shaking th® acid with chloroform (Biltz). A yellow coloration may 
also be due to*^hlorine compounds, but is generallj^to be ascribed tp 
the presence of lower rwtrogen oxides. The iodine is*no| usually 
present in the free sAte, but ds iodic acid dissolved ^n the nitric acifi- 
The oxygen compounds of iodine, as v»ell as iodine itself^are recognised 
by cautiously adding a very dilute soluti(5n of sulphurous ^cid or a few 
drops of sulphuretted hydrogen w%ter to4;he diluted acid and extracting 
any iodine so liberated by carbon bisulphide, *oi^ testing by the addition, 
of starch solution* An exces^ of sulphurous acid#or of sulphuretted 
hydrogen vitiates the reaction. • • 

An alternative method is to treat thq solution witji cl^emically pure 
zinc, which reduces the iodic acid, whilst the nitrous acid forified at the 
same time liberates iodinc«from the tiydriodic acid produced. The 
solution^is then well shaken with carbon bisulphide. 

According to the Pharmaceutical Commission of the German 
Apotheker-Verein, ^ iodine and ibdic acid are tested for by shaking 
the acid, diluted with twice its volume of water, with a smalbquantity of 
chlor?>form ; the .solvent should n^t be tinged* violet even after the addi- 
tion of a small piece of zinc to the acid solution. 

Beckurts- gives J;he following as the most delicate test for iodine 
in nitric acid i c.c. of the* acid is boiled to remove lower oxides 
of nitrogen, and^ to oxidise all the iodine to iodic acid, and i c.c. 
of well-boiled water is then added, followed by a few drops of a 
solution of potassium iodide and starch in air-free water. A 
blue coloration indicates the presence of iodine in the original solu- 
tion ; a blank test made with the potassium iodide and pure acid is 
essential. 

• 

Examination of Nitk.\ting ano Spen'^ Acid.s. (Mixtures 
OF Sulphuric Acid, Nitric Acid, i;Tc.) 

Mixtures cf[ sulpl^iric and nitric acids are prepared for coal-tar 
colour works and for.explosives factories* for nitrating purposes. Onnhe 
other hand, waste acicls* are produced in these works, containing in 
addition to the original components (of which the greater ^^qjt ion of the 
nitric acid has naturally been utilised) muc^^ nitrous acid and a small 
quantity of organic matter. Residual acids ^'hich contain large 
amounts of organic matter, and have* attained therebj- a tarry con- 
sistency, as for example the acids from the purification oT benzol and • 
petroleuP3^ will not be considered. They contain no nityc acid, and 
may be very considerably purified from the tarry ffiatter by dilution ; 
the constituents consist, in the tnain, of pyridine bases, condensed 
hy^lrocarbons, etc. ^ ^ • 

1 ArcA . Pharm ., 1887, 93. ^ tst1ter \ Jahresbo 1886, 305. 
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According to Guttmann, the average composition of spent acid is as 
fpllows : — ' / 
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No notice is taken in these data of dower nitrogen oxides or of 
organic matter. 

The following constituents are estimated in nitrating and similar 
mixtures : — 

1. Total Acidity. — Two to 3 g. is weighed off in the bulb pipette, 
allowed to flow cautiously into a large volume of water, and the' total 
acid estimated by titration with normal sodium hydroxide solution. 
Litmus may be used as indicator, but if .so, prolonged boiling is neces- 
sary ; methyl orange may also be employed, notwithstanding the nitrous 
acid present, if the titration be carried out in the cold and the operation 
conducted as described on p. 449. 

2. Lower Nitrogen acids are estimated by allowing the acid to flow 
into a measured volume of potassium permanganate solution ; the 
method is more fully described under the testing of nitrous vitriol (p. 41 3 ; 
cf. also p. 494). They may be calculated to HNOo or NoO;j or to NgO^. 
The lower nitrogen oxides contained in the strong nit^'ic acid consist 
mainly of ; on mixing with concentrated sulphuric acid this is con- 
verted into equimolecular proportions of HNO^andof SO./OII)(ONO). 
Each c.c. of seminormal permanganate solution used correspond.^ to 
0-02300 g. NgO^; if therefore x represents the i:)umber of c.c. of per- 
manganate taken, y the c.c. of acid required ♦o decolori.se this, and s 
the specific gravity of this acid, then the content in g. per litre 

is equz.1 to'*^- " - ^'^ , or in percentage by weight to 

3. Total Nitrogep acids are estimated in the nitrometer (p. 78). 
The value found, le^s that obtained in determination (2), gives the 

* content of nitric acid, and the total acidity, less the total nitrogen acids, 
that of sulfq^iuric acid. 

Finch ^ has devised two methods for determining total nitrogen acids. 
In the first, 8g. is diluted to a litre, and 50 c.c. of the solution is treated 

} Z . \es, Schitss^u, Spre'ngstoffw., 1912, 7, 13 and 337 ; / Soc!' C'em. Ind.y 1912, 31, 58 
and 1028. 
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with excess of barium carbonate. The excess, with the p^recipitated 
barium sulphate, is filtered off and washed. To th^e filtrate a known 
quantity, in excess, of sodium carbonate solution is added, the pfb- 
cipitated barium carl^onate filtered bff and washed, ^md the ‘'excess of 
sodium carbonate in the filtrate determined by titration with aciS. 
The amount used is equivalent to the* nitric and nitrous acids. In 
the^ second method the total acidity is determined by fitration with 
Njio barium hydroxide and phenolphthaltin. .The Ik^uid is boiled, 
some filter-pulp added, and fhe^arium sulphate fiite^red off and washed.* 
The filtrate is heated to boiling, aqd Ay5 normal potassium chromate 
slowly added, till a drop colours the deaf liquict yellow, showing that 
the barium nitrate and nitrite have been* exactly decomposeck 

Wuyts^ uses a modifierj Schloesii'^ method, in which a weighed 
quantit}^ of the acid, diluted with ^yater, is slowly run into a boiling 
acidified ferrous chloride solution, and the evolved nitric oxide collected 
and measured over water satifratad with the gas. The volume is com- 
pared with that (approximately equrl) evolved from a kno^n weight of 
pure*potassium nitrate, and hence the nitric ^cid equivalent of the total 
nitrogen acids deduced. The •method is accurate, and very rapid 
when a number of successive determinations have to be made. For 
details of manipulation the ©figinal paper should be consulted. 

Planchon ^ has devised a “ Manonitrometer ” for this and similar 
purposes, which diminishes error by allowing the use of larger quantities 
of substance. A strong flask has a stopper which can be clamped 
quite tight with the aid of a rubber washer and is provided with two 
exit-tubes, one with a stop-cock, communicating with a water-pump, 
the other joined to a barometer-tube dipping into mercury and having 
a scale and ve^rnier. The flask is charged with 1 5 c.c. of mercury and 
50 c.c. of concentrated sulphuric acid, and a vessel containing a weighed 
quantity (about 2-5 g.) of the substance to ba analysed. It is closed, 
exj;iausted, and the scale adjusted to the height of Ihe mercury. The 
materials arc* now shaken up till reaction is complete, the flask is 
immersed in water of known tempenatyrc, and the increase of pressure 
read when the merebry is steady. From the volume of the flask, 
temperature, and pressur(^ the amount of nitric,oxide is calculated. 

4. Sulphuric acid. Two to 3 g. is weighed in the &ulb-pipette 
(Fig. 201, p. 463), transferred to a small porcelain dish, and heated on the 
water-bath for a half ^o one hour, af srgall quantity •of water being 
at the same time acTded to destroy all nitrosyl-sulpTiuric a*cid. The heat-, 
ing is continued until on shaking the beaker all nitrous smell has dis- 
appeared. The removal of the nitrie*acid is facilitated by occasionally 
blowjng on to the acid and rotating the dish. ^ The contents are then 

• ^ /. C/i 30 fi. Ind.f 1916 , 35, 149 . • • 
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washed inio a beaker and titrated with normal or iV/2 sodium,, hydroxide 
and methyl orange^; this gives the sulphuric acid only. » 

• Lunge and BerP have shown that this method give^ low results, and 
they recommend the determinatioi^ of the sulphuric acid by difference 
from the total acidity less the total nitrogen acids, as given above. 

The sulphuvic acid may ylso be determined by precipitation as 
barium sulphate, but the above method effects a considerable saying 
of time, as a large number of samples can be evaporated simultaneously, 
'and then only require to be titrated to o:)m|jkte the analysis. 

'I ’ 
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THE MANUFACl'lfRE OF SALTCAKE AND 
OF HYDROCHLORIC ACID 


• . # 

By J. T. Dunn, D.Sc., F.I.C., Consulting Chemist, Ncwcastlc-on-Tyne, 

anti thc^late Professor G. i^UNOE 


A, BRINE. AND SALTWORKS 

• . • 

Brine is regularly tested by the hydrometer both at the spot where 
it is •obtained (bore-holes, etc.), mid in the i^orks where it is employed 
(saltworks, ammoTiia-soda works, etc.). The temperature at which the 
readings are made should of course be .taken into account, and the 
accuracy of the hydrometef •ascertained. The method of checking 
hydrometers, together with a description of the errors usually found in 
these instruments, will be found on p. ii8 et seq. 

A saturated solution of sodium chloride boils at 109-4'’, and contains 
at this temperature between 29-4 and 29*5 per cent, of the salt. 

The relationship between the specific gravity of salt solutions at 
15'’ C. and the percentage content of salt is given in the following table 
by Gerlach j 


Hpecilu; Onivity. * 

PcTcrntago 

NaCI. 

tSpocilic (ir.avity. 

• 

Rorcf'ntag*; 

NaCl 

Hpecitic (iiavity. 
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I'p refill age 
NaCl. 

1-00725 • 

1. 

1 -07335 

10 

1-14315 

19 

1-01450 

2 , 

l-0cS097 • 

. 11 

1-15107 

20. 

1-02174 

•3 • . 

1-08859 

12 

1-15931 

21 

1 '02899 

4 

1 -09022 

13 

1-10755 

22 

1-03024 

r, 

1-10384 


1-17580 

23 

1-0436G 

0 

• 1-11140 

15 

1-18404 « . 

• 24 

1-05108 

7 

1-11938 
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25 

1-05851 

8 

1-12730 

1? 

1 -20098 

26 

1 '00593 

9 

1 '13523 

18 

• 1-20433 

20-395 


1. 


• 




H. C. Hahn ^ has more recently determined the specific gravity of 
solution^* of sodium chloride, reducing the values^ to water at 4°, and 
observing all possible precautions. Owing to the very special refine- 
ments used in the determmations,thby are hardly applicable to technical 
conditions of worj^.^ ^ . 


^ J. Amfy. Chem. Soc., 1898, 20, 621 ; Whftn, Cenir.^ 1898, II., 699. 
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^ Analysis of Brines and Mother Liquors 

The f 611 owing ^determinations are ma(le : — 

^ I. Specific gravity^hy means of a densimeter or a hydrometer; in 
the latter case the hydrometer readings are reduced to sp. gr. by means 
of the table g'iven on 124. 

2. Total Chlorine {expressed as sodmm chloride). Ten c.c. of the brine 
''is diluted to 1000 c.c.; of this 10 c.c.^ iso titrated with silver nitrate 
solution {cf. p. 507).* 

3. Sulphuric acid. ' Fifty^ c.c. of the brine is rendered acid by the 
addition of a levv drops of hydrochloric acid, diluted with an approxi- 
mately equal volume of water 9nd, when hot, treated gradually with a 
hot solution of barium chloride. The settled precipitate is repeatedly 
washed by decantation with hot water, acidulated with hydrochloric 
acid, and finally well washed on the filter {cf. p. 368). 

4. Oxides of Iro 7 i^ Aluminiunj.^^ Calcium., and Magnesium. Two 
hundred and fifty c.c. of the brine is warmed with a little nitric, .acid, 
ammonia added in excess, and the whole heated fcr some time; the 
precipitate is filtered, dissolved in hydrochloric acid, reprecipitated, and 
ferric oxide and alumina determined in the usual manner. The calcium 
and magnesium are determined in the filtrate as described on p. 510. 
The results are calculated inexactly the same manner as in the analysis 
of salt (p. 508). 

5. Bicarbonates of ferrous Iron, Calciim, and Magneshm. Five 
hundred c.c. of the brine is boiled fairly vigorously in a tall beaker or 
Erlenmeyer flask, fresh water added, and the boiling and evaporation 
repeated several times. Finally, hot water is added to the highly con- 
centrated solution to dissolve any separated salt, the solution filtered, 
the insoluble residue washed with hot water, then dissolved in hydro- 
chloric acid and precipitated with ammonia solution, free from carbonate. 
The precipitation is repeated if necessary. The precipitate of ferric 
hydroxide is filtered off, dissolved whilst still moist in dilute sulphuric 
acid (i :4), reduced with zinc, the undiluted reduced solution titrated 
with permanganate solution, and the volume of permanganate necessary 

^ to product a faint rose coloration in the solution alone deducted from 
the reading obtained. Calcium and magnesium are determined in 
the filtrate as described on p. 5ro et seq. The bicarbonates found are 
.entered in the analysis as carbonates, and the quantity so found must 
be deducted from the total calcium, magnesium, and ferric oxide 
obtained under 4, before calculating the rest of the calcium and 
magnesium to sulphates or chlorides. Calcium bicarbonate is, as a rule, 
present to an appreciable extent in brine (Lorn 0 2 to 0 3 g. and more 
pen litre); on the other hand, magnesium bicarbonate appears in much 
smaller quantity, and its determination may usually be neglected. 
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6. Water. The percentage of water is arrived at by deducting the 
sum of the weights of the solid constituents presenUin a litre, from the 
weight of the litre of bri|ie. * , 

The results arc calculated 'on th^ litre of brine or*mother liquor. ^ 
Sweeney and Withrow^ recommend the following procedure for the 
examination of brines ; — • ^ 

^Deposit on aeration. The sarrfple is allowed to stand, with occasional 
shaking, for two or three days to aerate aliy.ir^n com4)ounds present. 
The height of tha liquid ift thc/bottle is marked and the whole is filtered 
and the deposited matter is washed (the washing being kept separate), 
dried, and ignited .to constant weight. The volum^ of the sample is 
meas*ured by ascertaining the capacity of the original contamer. 

The specific gravity^oi tiie filtered l^rine. at 15“ C. is determined by 
the Wcstphal balance. The sp. gr.of the fresh brine is different from 
that of the sample after several days. 

Totarsolids are determined ^n 25 'c.g. of the filtered sample; the 
residue is dried at 160"' C. to expel a.l the water. Ihis high temperature 
causes a slight volatilisation of ‘acidic radiejes, so that the result is not 
strictly accurate. 

Silica. Twcnt]^-five c.c. of the filtered brine is acidified with 5 c.c. 
of hydrochloric acid and dvaT>orated to dryness, and the residue dried 
at i 2 o'’C. or above for an hour; 5 c.c. of hydrochloric acid and 20 c.c. 
of water arc added, the solution is warmed, filtered, and the residue 
washed free from chlorides. The filtrate is evaporated, acidified as 
before, and a second precipitate of silica is obtained. The combined 
precipitates are ignited in a platinum crucible and weighed. The 
resichie is treated with sulphuric and hydrofluoric acids, and the loss of 
weight is reported as silica. The residue is added to the iron and 
alumina precipitate. 

Iron (md* alumina. The filtrate and was*hings from the silica are 
treated with a few drops of nitric acid and 5 c.c. of hydrochloric acid, 
boiled a few* minutes, and then made alkaline with ammonia, boiled 
until all the ammoniac’s expelled, atlowed to stand, filtered, washed, and 
ignited in the crucible from which the silica has been expelled. A 
separation of the iron and alumina is seldom nequired. ^ ^ ^ 

Calcium. The filtrate from the iron a<id alumina is diluted to 250 
c.c. Of this 25 c.c. is diluted to 150 c.c., thg calcium precipitated 
as oxalate and igpited to oxide ; o^ d(itermined by* dissolving it in 
dilute sulphuric acid and titrating with potassium permanganate. The 
calciun>,should be reported as .sulphate and chloride. ^ 

Magnesium. In the combined ‘filtrates ancf washings from the 
cal<jrUni the pagnesium is^ precipitated with sodium hydrogen phosphate, 
ignited to Mg2P2Q'7, weighed and calculated tt^ bromjde and,phloride. 

1 J. hid. Eng. Chem-. I9i7i 9. 671 ; /. ^<?c. them, Ind., 1917, 36, 924. 
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Barium and strontium should be looked for in the absence of sulphates. 
They arc partially precipitated with the calcium and magnesium. 
Vi^iien the proportion of barium and stronti/im is low, they may be 
neglected. Ammtnia is seldom preserft in corlimercially important 
proportions. , 

Sulphuric acid. Fifty c.c. cf the filtrate from the iron and alumina 
precipitate is diluted to lOO c.c,, and whilst boiling, lo per cent, barium 
^chloride solution is slowly ^dded with constant stirring. The precipitate 
is filtered, washed,, and ignited in a porcelain crucible. It is then 
dissolved in a few c.c. pf warm concentrated sulphuric acid and poured 
into *250 c.c. water^ allowed tb stand and then filt?ered, washed, ignited, 
and weigh<,d. (This method of purifying the barium sulphate is very 
effective.) The sulphuric acid i^ reported as calcium sulphate. 

Potassium and sodium. The fi’trate from barium sulphate 'is used 
for determining the potassium and sodium, which are reported as 
potassium and sodium chloridek 

Chlorine.' If the brine is alkafhne to phenolphthalein, it must be 
neutralised with sodium b.'sulphate solution. Ten c.c. of the filfered 
(and neutralised) sample is diluted to i' litre, and 10 c.c. of this is then 
diluted to 200 c.c. and titrated with standard sil\^er nitrate solution, 
using potassium chromate as indicator. TV kandard solution of sodium 
chloride containing the same amount of chlorine as the^samplc used, is 
diluted to 200 c.c. and titrated with silver nitrate so as to show the 
amount of silver nitrate required to affect the indicator. The error so 
found must be deducted from the silver nitrate used for the sample. 
The bromine value must also be deducted. 

Bromine, One hundred c.c. of the sample is made alkaline with 
sodium carbonate and evaporated to dryness, the residue dissolved in 
water and filtered into a 250 c.c. flask, made distinctly acid with 
sulphuric acid and made' up to the 250 mark. Twenty-five c.c. of. the 
acid liquid is placed in a 50 c.c. Nessler glass and chlorine added until 
the maximum colour is developed. Ten c.c. of ca’-bon tetrachloride is 
added and the mixture shaken and'eompared with the colours produced 
by various amounts of standard sodium bromide solution. Having 
obtained a r^ugh idea of the amount of bromine present, 25 c.c. of the 
• acidified sample is treated /vith chlorine and carbon tetrachloride as 
before, poured into a ^et filter and the water drained off. The filter 
is then punctured anc}. the carbon tetrachloride is r^eceived in a 25 c.c. 
Nessler glass “arid compared with standard sodium bromide solution 
similarly treated. Traces of iodine present do not interfere ^nd need 
not be reported. The bromine "should oe reported as magnesium 
bromide as it is so considered by th^' trade, but any free brgminei should 
be repoBted as such. 
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B. SODIUM CHLORIDE (ROCK 3 ALT) ^ 

Sodium chloride ihelts, according to Carneily,^ at ^72° ; according 
V. Meyer and Riddle^ at 815-4°. More recent determinations^ give 801° 
as its solidifying point. • ^ 

^ fThe commercial product ma^ contarin, in addition to moisture and 
water of'hydration combine^d with calcium sulpliatc, ete., the following* 
impurities : chlorides of calcium, magnesium, and pt^tassium ; sulphates 
of calcium, sodium, magnesium, and potassium ; inagnesium carbonate, 
organic substances •(bitumen, mineral qil, gaseous hydrocarbons), and 
clay. According to the nature of the clay content, whith seldom 
exceeds o-i per cent,, the salt is coloured, usually a bluish green, but 
sometimes yellow, brown, reddish brbwn, or greenish (Schwarzenberg). 

Other ijmpiirities which oc(;ur less frequently and only in traces, are; 
potassium bromide, potassium iodide, and lithium chloride, all of which, 
in consequence of their relatively greater solubility, accumulate in the 
mother liquors. ^Thus Kraucl* found in ‘the concentrated mother 
liquors of brine from Wcrl, 3*3754 g. KBr, 0-0137 g. Kl, and 8-9833 g. 
LiCl, per litre. Magnesium jDorate is foufid admixed with rock salt at 
Stassfurt. Occasionally the percentage of soluble foreign salts present 
is so great that the rock salt is rendered useless for food purposes. 

An appreciable percentage of magnesium chloride (0-2 per cent, is 
sufficient) gives a sharp saline flavour to the salt and renders it hygro- 
scopic, as do small quantities of calcium chloride. 

• I. Ordinary Salt 

« 

Sampling, For the method of taking an average sample, cf, p. 8. 

Qualitative analysis. The salt is, from fime to time, examined 
qualitatively for potassium, Tdkali bromides and iodides, and, when it is 
intended for culinary^Durposes, for metallic salts also (lead, copper, tin) 
which may have be«njt\ken up from* tlfe vessels used in the purifica’tion 
process. These metals are detected in the usual manner. A simple 
method of examining fof> the other impurities mentioned^ consists in 
extracting a considerable quantity of thessalt with water, using an 
insufficient quantity to effect complete solution, e^faporating the filtered 
extract to one-third, of its bulk, again filtering, a^d divf^ing the filtrate 
into two portions. To the first portion platinic chloride is added and* 
the mixture thoroughly shaken ; a lemon yellow precipitate indicates 
the presence of potassium chloride. T^he second portion is treated with 
chloftihei watfsr, drop by dfop, and ihaken with chloroform after each 

* 1 J. Chem. 35, 280. 2 1893, *26, 2447^ * , 

3 U.S. Bureau of Stamtantsy Circular No. 35, Sr^l ed. ; Cftem. News^ 1919, 118, 130. 
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addition ; any iodine present is liberated first, the bromine si*bsequently, 
and each may bo recognised in turn by the colour ^imparted to the 
ciilorofor.m. ' (Cf. also p. 509 for Krauch’s method of testing for iodine.) 

, Quantitative ttnalysis'. For works’ ptirposes d' shortened method of 
analysis is usually adopted. Tb^ constituents usually determined are 
moisture, total chlorine expressed as sodium chloride, sulphuric acid, 
calculated to calcium sulphate, and fnattcr insoluble in water. These 
, figures are amplified' periodically by^th^ determination of calcium, 
magnesium, ferric oxide, of the percentage insoluble in hydrochloric 
acid, sand, clay, etc., if'iid also, by difference, the approximate amounts 
of calcium and magnesium carlponates present {d:mfra). The quantities 
of magnelSium chloride, sodium sulphate, or calcium chloride, present 
may be arrived at by the following simple methods, which will be 
found sufficiently accurate for technical purposes. ” 

I. Water. — {a) Moisture. Five g. of the salt is heated in^a platinum 
crucible, well covered to prevent loss by decrepitation, at first very 
gradually and finally for some ffilnutes at a low red heat. The loss 
in weight gives the total ''water present, that is, tl^e moisture proper 
plus that chemically combined ; the amount of the latter is usually very 
small. This method has the disadvantage that, vo matter what care 
be taken, a small loss of salt always occurs owing to decrepitation. 
By employing as new a platinum crucible as possible, with smooth 
walls and a well-fitting lid, and placing the stand, Bunsen burner, etc., 
on a sheet of black glazed paper, the loss, which may reach i per cent, 
or over, is very much diminished ; but the method lacks certainty and 
cannot be carried out quickly or without direct attention. In works 
where dozens of water determinations, including those of dan>p salt, 
which may contain up to 15 per cent, of water, have to be made, the 
inaccuracy of the method is very pronounced. 

Bockmann consequently recommends the following method, wjiich, 
whilst perfectly accurate, permits of a large'number of water determhia- 
tions being made simultaneously and without special attention during 
the’drying process. ’ ' 

A dry Erlenmeyer flask, about 14 to 15 cm. high, and of about 
250 c.c. capacity, is weighed together with* a dry funnel inserted in 
the neck. About 5 g. of '.alt are then introduced into the flask, this 
quantity being just sufficient to form a thin layer on the bottom, and 
the flask, funnel, and salt ^ accurately weighed. The object of the 
* funnel is to allow the dried salt to be cooled in the open instead 
of in a desiccator, and to prevent loss of salt by decrepitation during 
the expulsion of the combined water described under (b). The flask is 
then placed on a previously warmed, portable sand-bath, 4G» cm. by 
20 cnK, large enough to carry eight flasks, the '^temperature of tne 
sand being about 140'' to 150° The funnels are removed, and placed 
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each near its ^corresponding flask, on the bench. The water soon 
begins to come ^fif, condensing at the start on the*upper portions^of 
the flasks ; at the end o^ three to fjur hours all the water present as 
moisture is driven off from the salt without any crackling sound. The 
funnels are replaced in the flasks, wlfich are then allowed to cool on a 
thick glass or marble slab, and weighed. * ^ 

• Chemically combined Water. After ^the* determination of the 
moisture* the flasks are care&ill^ heated on wirfi gauze, cTr on a silica or* 
metal (aluminium) plate, over the free flame, with th^ funnels in position, 
to prevent loss by decrepitation. The water hel(>in chemical combina- 
tion by calcium sul^h*ate, etc., is thus dj-iven off; tho-evolution of this 
small quantity of water is accompanied^by violent crackling. Since the 
amount of combined v^atei^ present is ver)f frequently under o-i per 
cent, and seldom more than ] to I per cent, its determination can 
usually bCfcOmitted in technical analyses^ 

2. Total Chlorine (expressed* as Sodium chloride).— Ten g. of the 
finely ground average sample ^is dissolved in lukewarrn water, and 
after cooling, made up to 500 eg. at 15" in admeasuring flask. Ten c.c. 
of this solution, corresponding to 0-2 g. salt, is diluted with 100 c.c. 
of water, 10 drops of a 10 pgr.cent potassium chromate solution added, 
and the whole titrated with silver nitrate solution (p. 73). A deduc- 
tion of 0-2 c.c. silver nitrate .solution is made from the observed reading, 
since this quantity is necessary to produce the red colour with the 
chromate. Each c.c. of N/io silver nitrate solution equals 0 005850 g. 
NaCl. 

3. Sulphuric acid— Ten g. of the sample is dissolved in lukewarm 
water’and a little hydrochloric acid added ; should much earthy matter 
be present the salt should be digested for some time with hydrochloric 
acid, to ensure complete solution of the calcium sulphate present. The 
cooled solution is then made up to 500 c.c. and passed through a dry, 
pleated filter.. Two hundred and fifty c.c. of the filtrate is heated to 
boiling and precipitated by the addition of hot barium chloride solution 
in slight excess. The’*barium sulphate is first washed by decantation 
with water acidulated with hydrochloric acid, and finally on the filter 

(c/. p. 368). * * • ; • 

4. Matter insoluble in water aiM acids, Calcium and 
Magnesium. — Fifty g. of the finely .ground a’#crage^ sample is dis- 
solved in warm water •and filtered through a filter paper previously 
tared against one of equal weight. The insoluble matter is carefully 
washed ffom the filter into a small glas.^ mortar and ground with sufficient 
wateg to dissolve all the gypsum present. The water is decanted 
throtigl! the* filter and ^le operafion repeated a few times. ^ The 
insoluble mattei^is again collected on the filter ^nd dded at 160° ;^the 
weight obtained represents the matter# insoluble in water (clay, sand. 
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oxide of iron, calcium carbonate, etc.). This residue is theh treated on 
the filter with warm dilute hydrochloric acid, the solution obtained 
precipitated by the addition of ammonia** the jJrecipitated ferric 
hydroxide dissol\^ed in dilute sulphuric acid (i : 4), and the iron deter- 
mined, after reduction by zinc, titration with permanganate solution. 
The residue , insoluble in hydrochloric acid is well washed with water, 
dried at 100°, and weighed td give the percentage of sand and ^:lay. 
The difference-' betweerl the sum of th^ w^i^hts of the sand, clay, and 
iron oxide, and the'weight of the total matter insoluble in water, may 
usually be regarded ‘as reprcsentifig the carbonates of calcium and 
magnesium present. 

The calcium and magnesiurn are determined in the filtrate from the 
matter insoluble in water And in hydrochlOric Acid in the usual manner 
after addition of ammonium chloride and ammonia (cf. p. 510). 

Calculation of Results. All magnesium found is calculated to 
magnesium chloride and its equivalent in sodium chloride deducted 
from the “total” sodium chloride, to give the actual content of the 
latter. Should more sulphuric acid be found than corresponds to the 
soluble calcium, such excess is calculated to sodium sulphate. In the 
reverse case the excess of calcium is calculated to calcium chloride, and 
a corresponding deduction made in arriving at the percentage of sodium 
chloride. 

J. and S. Wiernik^ recommend a direct determination of the 
magnesium chloride present in sodium chloride and in brine, and they 
further state that wholly incorrect results may be obtained by the 
usual method of calculation. They extract the dried salt with absolute 
alcohol, which dissolves out magnesium chloride only, and, after evapo- 
rating off the alcohol, determine either the magnesium as pyrophosphate 
or the chlorine by titration. Both methods should give the same result 
when expressed as magnesium chloride. The total calcium, magnesium, 
chlorine, and sulphuric acid arc determined fn the original solution in the 
usual manner. The sulphuric acid found is fir'^t calculated on the 
calcium, then on the excess of magnesium that may be present above 
that found as magnesium chloride by extraction with alcohol ; any 
sulphuric arid still rema’ining is regarded as sodium sulphate. Chlorine 
found as magnesium chloride is deducted from the figure obtained 
for “ total chlorine,” -•and the difference stated in terms of sodium 
chloride. - ' 

All such calculations are quite illusory in the case of dilute solutions 
where the s&lts are either almost completely ionised or in'^art dis- 
sociated hydrolytically ; in solid salts and concentrated solutions such 
as the above, howevef, the greater part of the salts ‘ are acthally 
present as such. 


• Z. angeu. Chem.^ 1893, 6, 43. 
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2. Pure ^Sodium Chloride for Analyticv^l Purposes 

Pure sodium \hljrid% appears tunder various i^ames, a)id these 
preparations often contain traces of sulphates of calcium or magnesiun^ 
Krauch’s method of examining jjure ” sodium chloride is as 

follows : — * , ^ 

> • • • 

' Complete Solubility and freedom from Sulphate. — Jhi ee g. of salt ^ 
and 20 c.c. of watpr should ^id^ a clear, neutral solution, which, when 
diluted to 8o c.c., heated to boiling, and treated ^vith barium chloride, 
should show no sigp of a precipitate evt^i after standing for several 
hours.* * • 

Examination for Aljcali^e Earths and hpavy Metals.— Three g. of 
the salt #is dissolved in 50 c.c. of wa^er, the solution heated to boiling, 
and ammonium oxalate, sodium carbonate, and ammonium sulphide 
added. Nb turbidity should rcsuk. • 

Iodine. — Twenty c.c. of the aqucows solution (i : 20) treated with one 
drop ^Df ferric chloride solution and a little starch solution should show 
no blue coloration.* • 

Potassium. — The concentrated solution of the salt should give no 
precipitate on addition of plafinic chloride even after long standing. 


C. SULPHURIC ACID 

Tl^e examination of sulphuric is conducted as previously described 
(p. 429 et seq.\ The acid employed in the manufacture of saltcake is 
either non-purified chamber acid, Glover acid, or acid concentrated 
in pans placed over the pyrites burners. The acid employed in the 
preparation of saltcake intended for use in the manufacture of the better 
qualities of gtass should be as far as possible free from iron. The 

determination of thp irm is described above (p. 452 et scq). 

• • 


D. SALTCAKE 

• • 

The saltcake drawn from the furnaces is sprdad out* ift long ridges, 
on a stpne-pavcd floor to cool. Samples are taken morning and 
evening, corresponding to the output of each furnac#, from various places 
in the jeveraj rows, and an average of the lot^ so taken ground in a 

suitable mill. ^ ^ \ • 

For works’ {fbrposes, determinations < and 2 gtven below -are 



510 MANUFACTURE OF SALTCAKE AND HYDROCHLORIC ACID 

sufficient ; for purposes of sale or purchase, the other tests given should 
be made. ^ 

' I. Free Acid. — Twenty g. of the saltcake is disso^'^'v^ed in water and 
made up to 250^0.0. ; 5P c.c. of this solution is( titrated with normal 
sodium hydroxide solution, using litmus or methyl orange as indicator. 
Each I c.c. alkali corresponds to i per cent. SO3. All acidity, whether 
arising from'HCl, NaIIS04, or from -iron and aluminium salts of ^cid 
reaction, is calculated to SO3. Should large quantities of iron arid 
aluminium salts be^present, and it be aesirefd to avojd the influence of 
these in this deternjination, no indicator is added to the solution, 
but the end-reaction is judged by the first appearance of a permanent 
flocculent orecipitate, which occurs as soon as the free acid and the acid 
sulphate have been neutralised by the alkaji. , 

2. Sodium chloride. — Fifty c.c of the solution prepared under i is 
exactly neutralised by the addition of the necessary volume of normal 
sodium hydroxide solution, cind the neutral solution titrated with 
N/io silver, nitrate solution after the addition of a little potassium 
chromate solution (c/. p. 73). Each i c.c. silver nitrate solution, after 
deducting 0-2 c.c. from the total as allowance fof^ the end-reaction, 
corresponds to 0-146 per cent. NaCl. With high-grade saltcake a 
solution containing 2-9054 g. AgNOg pei litre should be employed, 
each I c.c. of which corresponds to o-ooi g. NaCl, or, with the above 
amount of saltcake, to 0 025 per cent. NaCl. 

3. Iron. — Ten g. of the .saltcake is dissolved ' in water, the iron 
reduced by addition of zinc and sulphuric acid and titrated with 
permanganate solution (p. 452). Very small amounts are estimated 
colorimetrically (p. 453). According to Ost,^ sulphate manufactured in 
lead pans contains from 0-009 fo 0-029 cent., and that manufactured 
in iron pans 0-062 to o- 1 30 per cent. Fe. 

4. Insoluble Matter,- when present, is determined in the usual way. 

5. Calcium. — Ten g. of the saltcake is dissolved in water, a little 
hydrochloric acid being added if necessary, and the solution treated 
with ammonium chloride and th^n ammonia in slight excess. The 
ammoniacal solution is heated to boiling and the calcium precipitated 
by the addition of a boihng solution of ammonium oxalate in consider- 
able excess**. The solution ’js allowed to stand for twelve hours, and the 
precipitate then washed with boiling water several times by decantation 
and finally on the filter, a small quantity of ammonium oxalate being 
• added to the wash-water. The filter paper and precipitate are dried 
and burnt off in a platinum crucible (this may be done ^hilst the 
precipitate is still Jightly moisi), after which the whole is strongly 
ignited for twenty minutes over ,a M<!iker or Teclu burner. Should 
the precipitate be laige in amount, which is u.nlikely, it must be 

1 Z. angew. Chem.^ 1 896, 9, 9. 
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heated in ,the blowpipe flame until the weight becomes^ constant. 
The precipitate is regarded as CaO; any ferric o^^ide present must, 
of course, be deAjicted. ^The desiccator used must prevent access-^of 
moisture and carbon#dioxide.j < v» 

Should any considerable quantity of magnesium be present — which is 
never likely to occur, however, in saltcakn — the washed calcium oxalate 
precipitate must be transferred to a beaker, dissolved in a little warm 
hydrochloric acid, and rcprecipifatcd by the* addition of^ 2 to 3 c.c. of, 
ammonium oxalatp followed' by 4 mmonia in slight excess. The precipi- 
tate is allowed to settle for twelve hours and the ^eprecipitated calcium 
oxalate treated as above. The two filtratcTS are then combined for the 
magnesium determination. * ’ ' > 

Instead of converting the calcium cxalatp to oxide and weighing, it 
may be*. dissolved in dilute sulphuric acid and titrated with perman- 
ganate solution, calculating the calcium from the oxalic acid thus 
found. Ot course, in this case it is infidmissible to add ammonium 
oxalate to the water employed for* washing; yet its oniission may 
lead 'to a loss which is by no m^ans negligible. Walland^ overcomes 
this difficulty by ^standardising the permanganate solution against 
calcium oxalate prepared from pure calcium oxide obtained by 
ignition of the carbonate, 5 nd treated in exactly the same way as 
the precipitate obtained in the actual analysis, so that the errors are 
the same in the two cases. 

Such a method always has disadvantages, and is only to be 
recommended when, as in technical work, a large number of analyses 
have to be made simultaneously ; otherwise it offers no saving of time 
as coiypared with the ordinary method by ignition. 

6. Magne^um is determined by addition of ammonium phosphate to 
the filtrate from operation 5. For very exact work this addition should 
be made in neutral solution and as far as possible in the absence of 
am*Tionium salts, the necessary ammonia being added subsequently. 
The filtrate frdm 5 should therefore be evaporated to dryness and, after 
gentle ignition to drive off the aifimonium salts, extracted wi^h a 
small quantity of hydrochloric acid. The solution is filtered from any 
separated carbonaceous ^natter, exactly neutralised with ammonia, 
heated to boiling, and sodium phosphate solution added, drop by drop, i 
to the boiling solution until no further precipitation results. The 
mixture is allowed Jp ccval, ammonia sblution equal to ^ne-third of its 
volume added, and the whole allowed to stand for three !iAirs, or should* 
only a sajall amount of magnesium be present, for twelve Jiours, before 
filtering. The precipitate is washed v\^th 2I- per ceift. ammonia solution, 
drie4* s^parajed as completely as possible from the filter paper, the 
latter burnt separati€ly in^a spiral of platinum -jvire, and the ^sh and 
* 1 C/ifM, Zeity 1903 ,^ 27 ,^ 22 . 
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precipitate then ignited, first at a low heat and finally strongly. The 
precipitate is thus converted to pyrophosphate, MggPgOy, one part of 
which corresponds to 0*3621 part of MgO. ^ 

In the analysij^ of saltcake it isiusual jto precipitate the magnesium 
hy direct addition of sodium pho,sphate to the filtrate from 5 without 
removing the Ammonium oxakte, and observing the other precautions 
given ; in thiH case the ^precipitate should be allowed to stand twenty- 
^ four hours before filtering. -• 

This method of separating calcium bicf magnesium is essentially in 
accord with the conditions given by TreadwelU An alternative method, 
•differing somewhat from thfc above, has been, described by T. W. 
Richards.^- The magnesium salts must not be present in the solution in 
greater concentration than corresponds to normal. Ten equivalents of 
ammonium chloride are added to the solution, followed by oxulic acid 
in sufficient quantity to combine with the whole of the calcium. It is 
advantageous to reduce the dissociation of the oxalic aCid by the 
previous addition of three or four equivalents of hydrochloric acid. A 
drop of methyl orange is ..added, the 'solution boiled, and very dilute 
ammonia added gradually at intervals during half an hour and 
with continued stirring. When the solution has been made neutral, a 
large excess of ammonium oxalate is added, and the whole allowed to 
stand for four hours. The precipitated calcium oxalate is thoroughly 
washed with water containing ammonium oxalate. The filtrate con- 
tains the whole of the magnesium with the exception ofo*i to 0*2 per 
cent., which causes a corresponding error in the calcium, the whole of 
which is contained in the precipitate. 

Heraeus^ states that both platinum and platinum-iridium crucibles 
are easily injured by the ignition of magnesium ammonium phosphate. 
The effect takes place, however, in a very irregular manner, and is to 
be attributed to the liberation of phosphorus, which occurs at 900”, 
arising partly from the presence of carbon or reducing gases, and ako 
partly from the hydrogen liberated by the decompositioh of ammonia 
at the high temperature. The astion due to ammonia is stronger if free 
ammonium phosphate be present in the precipitate, and may very easily 
occur if Gooch crucible-s are u.sed in which old precipitates have been 
, allowed to remain. The action is most marked when the heating 
is carried out rapidly in a covered crucible. Up to the present it has 
not been possible to define the conditions under which the crucibles are 
Jeast attacked. 

Calcium and magnesium can be determined rapidly, and Tor many 
purposes sufficientlyexactly, by adding sodium carbonate to the filtrate 
from the silica, ferric oxide, and alumina, evaporating to dryness, 

^ Analytical Chemistry^ 5th edition, vol. ii., p. 76. 

' Z. anorg. Chem.^ 1901, 28, 88/ ^ Z. angew, Chem,^ 1902, 15, 917. 



SALTCAKE 


513 


igniting to remove the ammonium salts, taking up with s(idium car- 
bonate solutioi!, extracting with hot water and weighing the calcium 
and magnesium carbonates remaining in the dish after drying at ; 
or by weighing as mkxecf oxides aftdr ignition. The^quantity of each 
base present may be determined indirectly from the difference in weight 
between the mixed carbonates and the «jiixed oxides ; It is, however, 
bettpr for this purpose to convert b-ith into. the sulpliates. Christomanos ^ 
hfls applied this method to the analysis of a^lafge number of samples ^ 
of magnesite, but,, like all dildi^fect methods, it may lead to somewhat 
large errors. . 

7- Aluminium.— considerable quantity of ammonipm chloride or of 
ammotiium nitrate is added to the solution of the saltcake, tbe mixture 
heated nearly to boilingj'n ajjorcelain »r plaj;inum dish and ammonia 
added, but not in too great excess, sp as to avoid the removal of an 
excess by boiling off ; the precipitate is then washed three times by 
decantatioi! with hot water to which oitfe drop of ammonia has been 
added, thor9ughly washed on the filter with hot water., and dried 
on the pump. Any small quantities adlKjring to the sides of the 
dish are wiped oiT with a piece 'of filter paper. The filter paper and 
precipitate may be ignited, whilst still moist, in a platinum crucible, 
and finally ignited strongly, preferably over the blowpipe. The weight 
of ferric oxide, as found under 3, must be deducted from the weight 
obtained. 

The ammonia employed must be tested by barium chloride for 
freedom from carbonate, which, if present, would cause precipitation of 
the calcium ; if necessary, it should be purified by distillation over lime. 

8. Sodium sulphate.— One g. of the sample is dissolved in water, 
the calcium, together with the iron, precipitated as under 5, the solution 
filtered, and the filtrate, after the addition of a few drops of pure 
sulphuric acid, evaporated to dryness. The dried residue is ignited, 
first alone, and again after tke addition of a small piece of ammonium 
carbonate, anc> weighed. From the weight obtained there must be 
deducted (a) the sulphate equivalent (ff Uie sodium chloride found under 
2 (i-ooo g. NaCl= i-2iVg- Na.^SOj, or i c.c. Njio silver nitrate solution 
= 0-00171 g. NaoSOJ, an(l,(/») the magnesium sujphate equivalent of the 
magnesium found under 6(i-ooog. MgO = 2-9|56g. MgvSOj). The residue 
represents the Na.,SO^ actually present in the ordinal i g. of saltcake. 
If the magnesium .sulpl^ate alone be tled^cted from the gross weight 
of the sulphate found, the total sodium in the "sample, Expressed as* 
sulphate, ^s obtained. , 

Isbert and Venator - proceed as follows : — AboiA 2 g. of the saltcake 
is di^lved in the least ^^ossiblc vplume of hpt water ; ferric oxide, 
ah*mina, calcium carl^natc, and magnesium carbonate are precipitated 
1 /. ami, Cha)U, 1903 , 42 , 606 . angexo. Chem., 1889 , 2 , 66 . 

. • 2 K* 
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by the addition of ammonia and ammonium carbonate, thg precipitate 
dissolved in hydrochloric acid and reprecipitated, the 'precipitate well 
vwished with hot water, and the total filtrate colleQ^ed in a platinum 
dish. Tne filtra^^-e — which is about icp cx. in volume and contains, in 
addition to the sulphate, ammonium sulphate equivalent to the free 
acid, and sodium chloride^is treated with ammonium sulphate or 
sulphuric acid, and cveporated on thcj water-bath to convert the chlpride 
into sulphate. The se§idue is gently ignited, to volatilise all ammonium 
salts, and weighed. From the weight of NasSO^ so obtained, the weight 
of sulphate corresponding to the chloride present in the original sample 
must be deducted. '' , ^ 

E. HYDR^CHLOR.^-C ACID 

, 1 

The daily control of the process in the works is confined to measuring 
the strength of the acid flowing from the condensers, jars,* etc., and to 
determining the completeness atta,ined in the absorption. The strength 
of the acid is measured by means of the hydrometer, and in^ some 
works tests are only taken once in the day. It is. However, preferable 
to allow the acid, as it Icavqs the plant, to flow through a glass cylinder 
in which the hydrometer floats; in this. way the strength of the acid can 
be seen at any moment or a continuous record can be obtained if 
desired (p. 133). 

It is especially important to check the amount of acid which escapes 
condensation and so passes into the atmosphere. Should the air be 
damp a practised eye can, to a certain extent, judge the degree of 
absorption by the a[)pearance of the escaping vapours. Whilst white 
fumes are continually evolved from the open pipes of the pan con- 
densers, even when condensation is complete, these consist entirely of 
steam, and may be distinguished from hydrochloric acid fume by the 
ease with w^hich they are dissipated in,, the air. Hydrochloric acid 
vapour, on the other hand, forms dense white fumes, which, in a moist 
atmosphere, spread to form a, R^avy cloud oyer a considerable area, 
and persist for a considerable time. Very frequently the fumes only 
become apparent whei;i the gases come into j:ontact with the outer air. 

According to the Alkali Act (1906), 95 per cent, of all the hydro- 
chloric acid produced in a works must be condensed, and no gases are 
permitted to escape into tjie atmosphere which contain more than 
, -J- grain MCI per cubic foot (= 0457 g. per cubic metre); and the total 
acidity of all the gases pre.sent must not exceed the equivalent of 
4 grains SO.^ pcrpcubic foot (r= 9-15 g. per cubic metre). In these 
regulations the volume of the gases is reduced to 60'' F. (15-5° C.) and 
30 inches mercury (almost exactly 760 mm.;. ^ , 

^ Examination of the Exit Gases. — The examina'don of the chimney 
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gases is carried out in a Fletcher bellows, whi^h serves both ^s aspirator 
and absorbing Vessel. They are constructed to draw of a cubic foot 
of gas at one as^i ration,^ but they should in all cases be standardised 
by filling with air at^the nornaal working capacity a^^id measuring the 
volume aspirated by expelling it injo an inverted graduated vessel 
filled with water, correcting the volume ^ibtained for tetnpcrature and 
pressure. In examining chimney or other gasas the bertows are con- 
rfbeted vdth the chimney by nn^eans^of a pdrcglain, gla^s, or platinum, 
tube, of 12 mm. chametcr,* ^hiifh extends some considerable distance 
into the chimney. Both bellows iuid tube are first washed out with 
distilled water, 200 tp 300 c.c. of distilled wrtcr then introduced, and the 
necesfary number of aspirations made.* The contents of Uie bellows 
are well shaken after each aspiration <jo allow all the acids present to 
be dissolved by the water. When J.he operation is complete, a little 
water is forced into the connecting tube and allowed to flow back into 
the bcllow 5 to wash out any acid ihat m?iy have condensed in the tube. 
The liquid in the bellows is then w..shed into a porcelain, dish, and if 
neceifsary filtered from soot. Afiy sulphurous acid present is oxidised 
by potassium peri?ianganate, excess of the latter removed by a trace of 
ferrous sulphate, the solution neutralised by pure sodium carbonate, a 
little potassium chromate added, and the whole titrated with N/io or 
iV/ 1 00 silver nitrate solution. Each i c.c. xY/io silver nitrate solution 
= 0'003646 g. Iltl. 

In the Alkali Inspector’s Report for 1898 (No. 35) an addition of 
hydrogen peroxide, free from chlorine, to the water put into the 
bellows was recommended. This addition effects the immediate oxida- 
tion of any sulphurous acid present in the gases. The total acidity is 
determined by titration with sodium carbonate solution, and subse- 
quently the chloride as above, by means of silver nitrate. When 
working in this manner difficulties are liable to*occur through discolora- 
tion which arises owing to incomplete oxidation of organic matter by 
the hydrogen ^jeroxiije, and this may under certain conditions lead to 
the reduction of the.chivimate ; furthtr,«it is difficult to obtain hydrogen 
peroxide free from chlorine. For these reasons the process is now 
carried out as follows. TJie total acidity is determined as before wnth 
sodium carbonate solution and methyl oranjj^e, a few drops of potassium 
permanganate solution being added in cases whe^e the solution is very 
dark owing to the pjesgice of sooty rilattgr. The neulTraliscd solution 
is treated with 0-5 g. of calcium or magnesium carbonate* followed by* 
5 to lO.^lrops of a 5 per cent, ferric sulphate solution, ^the mixture 
stirred for a minute and then decanted or filterc^l. The chloride is 
then ^determiped in the filtrate in J:he usual gianner. The addition 
of#ferric sulphate ge?s rid *of the organic matter*p^hich is carried down 
with the ferric cafbonate precipitate, and sif gives a neutral solutiofTSii 
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which the hydrogen peroxide will not exert any reducing action on 
the chromate ; also, it precipitates the arsenic and copper which are 
foYiiid in^ testing the gases from copper works^ 

, The potassiupi permanganate, ^’added to oxidfse the organic matter, 
must be employed with caution, idnce the manganese sulphate produced 
may reduce the chromate, \^ith the production of a green-coloured 
solution; this will not occur, however, if the solutions are neutralised 
^ as described. ^ 

If any of the above difficulties occuf, it is best to oxidise with nitric 
acid and determine tl^e chloride by Volhard’s method (p. 74). 

A continuous test may' of course be made, as of the exit gases 
of the sulphuric acid process (p. 397), by employing a large aspirator 
and selecting a suitable^ typd of absorption apparatus {cf. p. 398) ; 
the flasks described in the Allcali Inspector’s Annual Report for 
1897 arc specially suitable for this purpose. A useful summary of 
these and other methods usccl by tile Alkali Inspectors will be found 
in the Tcdtnical fndi'x to the AlkUli Reports, published (1919) by H.M. 
Stationery Office. ■ ' 

Examination of tiif Casks in tijk Hakg/ikavks’ Trocess 

In this process^ the burner gases from pyrites or blende are drawn, 
together with steam, through hot salt, packed in iron cylinders, whereby 
the sodium chloride is converted into sodium sulphate, the sulphur 
dioxide being gradually absorbed and hydrochloric acid liberated. The 
progress of the reaction is followed by withdrawing and testing samples 
of the gases passing through the connecting pipes between adjacent 
cylinders. The tests are made in the following manner : — 

{(i) Total acidity, best estimated by Lunge’s method (p. 398). 

(/;) Sulphur dioxide, by Reich’s method (p. 394). 

(r) Hydrochloric acid. The test is made in the sample taken, for 
test a by titration with silver nitrate, cither by , Mohr’s '^method (p. 73), 
or by Volhard’s method (p. 74). 

Tiic content of sulphur trioxide is obtained by deducting b-\-c from a. 

For continuous works tests, a or b may be, omitted ; either of these in 
. combination with test c is sufficient. 

/ rROl4ERTIES OF HYDROCHLORIC -ACID 

The strength of the acid is usually determined by the hydrometer. 
The use of tlie Tw^ddell scale (see p. i ^9) possesses the advantage that 
for acids of ordinary strengths the number of the degrees Tw. and the 
percentage of 1 1 Cl in- the acid are represericed hr practically the s^me 

r h 

^ C/. Gumming, Uyd''oi,hloric Aad and SuUcake, 1923, p. 196 et seq» 



HYDROCHLORIC ACID 517 


figure. The fc^flowing table, drawn up by Tiunge and Marchlewski,^ 
gives for the various specific gravities of pure hycirochloric acid the 
corresponding de^ecs on the Twaddcll scale, the percenfagg content 
in HCl, the percentage content in acid of 28"’-5 Tw.^nd of 3 o ''-4 Tvv«, 

and the weight of HCl in grams per li^re and in pounds per cubic foot. 

« 

Sj)«:ific Gravity of Hydrochloric Acid Solutions at*i5"C., com- 
pared with Water^at«4", ^ftid redticdd*to vaGuum. 

• (Lunge and Mardilewski.) « • 
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The correct specific grirvity at 15° C. may be calculate^! from readings 
made between 13“ and 17'’ (and also for temperatures slightly below or 
abbve this range) by the aid of the accompanying st 4 )rt table. If the 
observed reading®is made below ij’’ the values gwen in the table must 
be deducted for each U below the 15'' ; for observations made above 15° 
the correspoiiding values must-be added. 


Spec. Gra'^ 

't 

i.ooO;~i -040 : 

± 0 0002 


)i 

1-041 — i-Oc5 : 

00003 


)) 

1-086 — 1-120: 

0 0004 


1 

,1-121 — 1-155 • 

0-0005 


, » 

1-156 — 1-200 : 

0-0006 

' 


Kremers ^ has published a table giving the variations in the specific 
gravity of hydrochloric acid over a temperature range from to 100° 
(normal temperature I9°*5); the most rec.ent table is that of Fuchs.‘-^ 

‘ Detection of Impurities^ 

1. Residue* Ten g. should leave not more than a very minute and 
scarcely weighable residue op evaporation. 

According to Krauch, the preparation of absolutely chemically 
pure hydrochloric acid is attended by considerable difficulties ; he 
invariably found, on evaporating 50 g. of the acid in a porcelain dish, a 
residue of about i mg., probably consisting of calcium oxide derived 
from the porcelain vessel or from the sulphuric acid. 

2. Sulphuric acidP" {a) Five g. is diluted with 50 c.c. of water, and 
barium chloride added ; no sign of a precipitate should appear after 
twelve hours’ standing. 

ill) Five hundred g. is slowly evaporated on the water-bath till 
only about i c.c. remains and the sulphuric acid determined in this 
residue, an ash-free filter paper being employed. The weight of barium 
sulphate found should not exceed 12 mg., corresponding to i mg. H2SO4 
per ,100 g. hydrochloric acid. 

Krauch states that scarcely a single sample ot the various makes to 
be found on the market is absolutely free from sulphuric acid when 
tested as under b ; many of the samples examined gave the sulphuric 
acid reaction with test a, that is, without evaporating off the hydro- 
chloric acid, showing, therefore, a greater degree of impurity than 
.should be accepted. 

In commercial work the evaporation of the acid may be omitted and 
much time saved by nearly neutralising the acid with pure sodium 
carbonate before precipitating by barium chloride. 

^ Po ^. Ann., 1859, 108, irs. 2 £ angeiu. Chem., 1898, II, 753. ‘ 

^ The tests marked with an asterkk are due to Krauch and apply omy to acid, hydrochloric, 
piirum. cone. 
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Lunge’s method, which is rapid and suilable for works purposes, 
is based on the degree of turbidity produced by addition of barium 
chloride, and is'^best (jarried out in the following modijed fcfl'm 
proposed by Riirup.^ * Glass tut)es lufving a lower pait 6 mm. diameter, 
sealed below, and an upper part >5 mm. diameter, ^closed with a 
rubber stopper, are used for the estimarton ; the cylindrical, narrower 
lY^rtion is 250 mm. in length, and*is graduated id the following manner. 
Acids coVitainfng varying f^opprtiq/s of sulphufic acid, from 0-4, 0-6, • 
etc., to 3-0 per «ent. 865 ^, ai^e prepared, 10 c.q of each heated to 
boiling, transferred to the tube,* nearly neu^^ralised with strong 
ammcjnia, precipitatied by addition of, hot barium .chlpride solution 
and allowed to settle. A mark is then made on the Idibe corre- 
sponding to the level of* the*settlcd precipiUte and the corresponding 
percentage of acid etched at the side.* To carry out a test, 10 c.c. of the 
acid is necyly neutralised witk ammonia^ heated to boiling, transferred 
to the tube, 5 c.c. of a saturated solution of barium chloride added, the 
rubber stopper inserted, and the tube well shaken. Five •minutes are 
allowed for settlijjg before reading off the* volume of the precipitate. 
The method is said to be accurate to within 0 05 per cent. 

3. Arsenic. The^detectioi'i and estimation of arsenic in hydrochloric 
acid is of importance not only ni chemico-legal investigations but also 
in numerous analytical and technical applications. The methods of 
estimating arsenic m sulphuric acid apply also to hydrochloric acid {cf, 

p. 433 ct scq). 

{(i) According to Krauch, hydrochloric acid which will satisfy the 
following test may be looked upon as sufficiently pure for most 
analytical work. Ten g. of the acid is diluted with 10 c.c. of water 
and the mixture carefully covered in a test tube with a layer of 5 c.c. of 
freshly prepared sulphuretted hydrogen water ; no coloration or yellow 
ring, should appear at the junction of the two solutions, even after the 
lapse of an hour. The te 5 t should be applied to both cold and hot 
solutions so as* to detect arsenic acid^; 0 000005 g. As in i g. acid can be 
detected, that is, -.V,*ing^ As in the quaiUity taken for the test. 

{li) According to the German rharmacopoeia, III., I c.c. of hydro- 
chloric acid is treated witR 3 c.c. of stannous chforide solutiq^V j^epared 
by rubbing to a cream five parts of crystal!;ised stannous chloride and 
one part of hydrochloric acid, saturating with dry Jiydrochloric acid gas, 
and filtering. No coloration should appc*tir aftey the mixed solutions 
have stood for one hour. 

{c) Hager’s Kramato-method" is extremely sensitive^ and quickly 
and simply carried out. One c.c. of* the hydrochloric acid is diluted 
with«2 t.c. of-water and a little amntonium oxakite added. A drop of 
tlfe solution is th^n evaporated on a strip of brass (previously -ru^d 
1 Chem. ZetL, 1894, 18, 225. . " Centr., 1884, 265. ^ 
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clean with sand and water tand dried), the heating being 39 regulated that 
no ammonium sa^s are volatilised. If arsenic be present, a stain is 
produced, varying from grey through red t^ black/according to the 
quantity of arsenk in the acid. ^ ' 

(d) A delicate method for the detection of arsenic has been described 
by Schlickurn.i If a minute d^ystal (0 01 to 0-02 g.) of sodium sulphite 
is added to a solution of 0*3 to 0-4 stannous chloride in 3 to ^ g. 

‘ of hydrochloric acid, both sulphur d.'oxicje and sulphuretted hydrogen are 
evolved, the latter being due to the reducing action of the stannous 
chloride on the sulphurous acid. If hydrochloric acid containing 
arsenic be carefully introduced, so as to form a liyer on the top of the 
solution, a’ yellow ring of arsenious sulphide immediately forms at 
the zone of contact. The i'eaction is givens by mg. of arsenious acid. 

The ring gradually extends in an flpward direction, and in the presence 
of J mg. of arsenious acid the whole of the acid layer assumes a yellow 
colour in the course of a few minutes. The reaction proceeds more 
slowly when the arsenic is present in the arsenic condition. The 
success of this test depends on the use of a minimum quantity of 
sodium sulphite and of strong hydrochloric acid, so as to prevent 
the separation of stannous sulphide. 

(e) Gutzeit’s test (p, 445) is extremely delicate and allows the detec- 
tion of but it involves the careful observation of the 

conditions referred to in connection with sulphuric acid, since sulphur- 
etted hydrogen, hydrogen phosphide, and antimoniuretted hydrogen 
affect both silver nitrate and mercuric chloride papers in a similar 
manner to arseniuretted hydrogen. 

Quantitative determination of Arsenic. — The arsenic present in 
ordinary, non-purified, commercial hydrochloric acid, may be determined 
quantitatively either by reducing 20 g. of the acid with sulphurous acid, 
driving off the excess of the latter, neutralising with sodium carbonate, 
and titrating with iodine; or by precipitating With sulphuretted hydrogen, 
and weighing the sulphide obtained after extraction with carbon 
bisulphide. Neither method is free from objection, and in the latter 
case it is difficult to be certain that the arsenic is actually present 
as pur^ Kretzschmar- therefore recommends the following 

method ; — 

The highly diluteo^ acid is nearly neutralised by addition of .sodium 
carbonate, apinonia and yellow ammonium ' sulphide then added, 
‘followed by chemically pure hydrochloric acid in excess, and a strong 
current of .sulphuretted hydrogen passed for two hours through the 
solution, which is kept hot on the water-bath. By this treatment the 
precipitation, which otherwi.se requires from fifteen to twenty-four 
hours, is complete in ^the tunc stated. The precipitate of arsenious 

* Analyst^ i886, ll, 19. - Ghent, Zeit.^ 1891, I 5 i 269. 
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sulphide is'waghed, dissolved in potassium h|droxide with addition of 
bromine, and the arsenic finally precipitated in slightly acid solution 
by ammonia and'yiagnesja mixture and weighed as magnesium pjfro- 
arsenate. This metlfod may rflso leid to erroneous rtsults ; should thp 
ignition be too strong, arsenic may be distilled off^ whilst if too 
gentle, the conversion to the pyroarsenate is likely to be incomplete.^ 
'fhc arsenic may also be dcterftiined volu metrically, by boiling the 
sulphide*with *a few c.c. of ^conjpent^ted sulplmrtc acid* till it is com-* 
pletely dissolved and all sulpliur dioxide is expelled, cooling, diluting, 
nearly neutralising with sodium hydroxide, adejing excess of sodium 
bicar|j>onate, and titmfing with N/io iocline solution. . 

4. Iron* Five g. diluted to 25 c.c. should yield no coloration on the 
addition of a few drops«of plitassium tlnocy^nate solution. 

For detecting traces of iron in strong acids, Venable - recommends 
making u.%e of the blue soluMon obtained on treating cobaltous nitrate 
with .strong hydrochloric acid. Traces of ferrous salts change the blue 
colour of such a solution to green ; ierric salts are withoufefiect. 

I^or quantitative work the iron is reduced with zinc, the solution 
diluted with a large volume of distilled water, a 20 per cent, solution 
of manganese sulpliate, free, from iron, added, and the whole titrated 
with V/20 potassium permanganate solution (1-5803 g. per litre), of 
which I c.c. =,0002792 g. Fe. A blank experiment on an equal 
volume of the distilled water, as used above, is made at the same time 
and the volume of permanganate .solution necessary to produce a faint 
permanent rose tint deducted. Traces of iron are determined colori- 
metrically as described above (p. 453). 

Sitlp/iurons acid. According to Krauch,the addition of a few c.c. 
of the diluted acid should not destroy the faint blue colour of water to 
which a little iodine and starch .solution have been added. In the absence 
of chlorine and ferric chloride, sulphurous acid may also be detected by 
mftans of sulj)hurctted h/drogen (white cloudincsS due to separated 
sulphur) or by stannotis chloride (brown precipitate of stannous sulphide). 
For quantitative \v\3rk',, titration witli permanganate or iodine solution 
is adopted. It is, however, .safer to e.stimate the total sulphuric acid 
present after oxidation hf tke above reagents, cTr by hydroggijtf roxide, 
and to deduct from this the sulphuric acid*.originally- present as found*’ 
under 2. , • 

6. SimiiUaneoiiS^excOnination for SulpJhirous o^id Ars^nions acids. If 
on adding iodine solution to the acid the iodine is decolorised, at least 
one of tVAise impurities is present. ^ • 

Should this be the ca.se, Ililger^^ recommends the addition of more 
iodiite ijolution till an excess is pres'fent ; the acid is then transferred to 

• * \ * 

1 Cf. Blattner anft Brasseur, Chem. 1904, 28, 2gi. • 

'■i /. anal. Chem., 1 889, 28, 699. 1 d. chem. Tech., 1875, p^445. 
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a test tube and a few pieftes of zinc added. The test tube is loosely 
stoppered by a cork carrying a piece of silver nitrate paper; arsenic, if 
present, p»‘oduces a darkening of the paper, ovdng to^ the arseniuretted 
hydrogen evolved'. Should no darkening occur^ the original Jicid is 
tested for sulphurous acid by first precipitating the sulphuric acid 
by means of barium chloride ci’nd adding iodine solution to the filtrate 
till a coloration is prdduced ; should sulphurous acid be present in 
“the original hydrochloric acid, a furVier precipitation of barium sulphate 
will take place. ’ 

7. Chlorine. No bkie coloration should result when i c.c. of the acid, 
diluted with viator, is added to 5 c.c. of very dfiute freshly prepared 
starch soluVion to which a few drops of potassium iodide solution and 
a few drops of dilute sulphuric acid have betn added. By carrying out 
the test in this manner any blue coloration due to the presence of iodate 
in the potassium iodide would appear 'before the addition of the 
hydrochloric acid to be tested. An alternative method of testing is to 
shake the acid in a closed flask with a perfectly clean, bright piece of 
thin copper foil, first displacing the air in the flask by carbon dioxide ; 
should chlorine be present, part of the copper goes into solution 
and may be detected by potassium ferrocyanidc, jtc. For ordinary 
purposes it is sufficient to hold a piece of iodised starch paper in the 
vapours given off from the warmed acid ; an immediate blue coloration 
shows the pre.sence of free chlorine. 

8. Seicniiini is detected by the Rcinsch test and gives a similar stain 
on copper to that produced by arsenic; on heating the copper foil 
in a dry test tube a sublimate is obtained which dissolves in sulphuric 
acid with the formation of a brownish-green coloration.^ 

According to Reidemeister,- reddish-brown deposits of selenium are 
sometimes found in roaster acid but never in pan acid. 

9. Determination of Hydrochloric acid. Ten c.c. of the acid, the specific 
gravity of which has been previously determined, is measured from an 
accurate pipette, diluted to 200 c.c. with water, and \o c.c. of this solution 
taken for the test ; or about i g. of the acid is^ accurately weighed in 
the bulb-tap pipette (Fig. 201, p. 463), allowed to flow into water, and the 
whole ofth^^-solution so obtained taken for titLation. The diluted solution 
is treated with sodium carbonate, free from chloride, until the reaction is 
neutral or very faintly' alkaline. This may be done rapidly and without 
appreciable loss* of acid by sp?rting, if sodium carbo'nate solution corre- 
.s*ponding to the acid content, as determined from the specific gravity 
by the aid of the table given above (p. 517), be added from a bui^ertte. A 
little neutral potassium chromate solution is then added and the solution 
titrated with N\\o silver nitrate st)lution u.ntil a distinct faint Vose 

Drinkwater,y''//;/'j<i<’r. d.chem. Tfch.^ 1884, p. 340. 

^ Gumming, Ilydrorhlot ic Aad and Sallcake^ 1913, p. 72. 
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coloration, which remains permanent on stirring, is produced (cf. p. 73). 
From the volume required, the usual deduction of the 0-2 c.c. necessary 
to produce the co'Drcd:iorj must be mjide. The percentage of VICl ii/thc 
acid is obtained by multiplying the number of the? remaining c.c. by 
07292 and dividing by the specific gi^vity of the acid. , 

The titration may also be carried out by Volhard’s ijiethod (p. 74). 

• 'Should metallic chlorides be present, Ihe ^bove method will obviously 
lead to incorrect results ;^blit ippr^iable quahfitics of such chlorides* 
seldom occur. lA such samples the total acidity is determined, the 
sulphuric acid estimated as in 2, and deeluctcdifrom the total acidity. 
This# method may Tdc employed, of CQurse, even in the absence of 
metallic chlorides. ^ 
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'the manufacture 6V sodium carbonate 

By J. T. Dunn, D.SL, F.I.r’., Consulting- Chemist,^ Ncwcastle-on-Tync, 
and the late Professor G. Lunge r 

I. THE LEBLANC SODA^ PROCESS 
RAW MATERIALS 
I. Sal TC ARE 

The analytical examinatidn of saltcake has already been described 
(p. 509 ct seq.). 

2. Calcium Carbonate 

This is employed in the form oflimestone, chalk, or dried lime-mud, 
obtained either from the Chance process (see under “ Soda Residues ”) 
or from the causticising pans where the lime process is used. 

The analysis is generally confined to the determination of moisture, 
matter insoluble in hydrochloric acid, calcium, and, where necessary, 
magnesium. P'ull details arc given under the manufacture of “ Bleaching 
powder ” (p. 581). 


3. Mixing Slack 

As a rule, coal is employed for the black ash mjxturc , occasionally, 
however, lignite, wood, charcoal, coke, etc., arc- used. In taking the 
samples for analysis, the rules given on pp. 4 and 327 must be 
rigorously observed. The coal is usually examined for moisture, non- 
-volatile friatler, ash, sulphur, ^nd nitrogen. K’he methods of analysis arc 
described in the section on “ P'uel” (pp. 327-357). 

d 

CONTROL OF WORKING CONDITIONS 
^ I. Black Ash 

The black ash is tested daily for its percentage of free and ^otal 
lime, and for sulphide, sulphate, and carbonate of sodium ; and at leiss 
fr^uent intervals for sodifim hydroxide and chloride. The deter- 

6 i 4 
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mination of the Iree lime is important, silce it aids th(^ lixiviation 
by the disruptive action brought about by hydration, and unless a 
certain quantity*be present in the ball the lixiviatiftn process proceeds 
very slowly and^m^y fee v^ry ir)j:omplctc. The sodium* found as 
Na.^COy, Na2S, and NaOH is calculated to Na^St)^, and the val-ae 
obtained added to that of the Na^SOj present as such,igiving the total 
sodium expressed as Na^SO^. ]}y comparing this value }vith the figure 
found fgr “tgtal lime,” it is possible to Jiscertain from the analysis 
whether the correct prop^rlio®* of saltcake ancl lime has been used in 
the mixing. ^ *- 

The determinadoji of the various cqnstituLnts is carried out as 
follo^s.^ Fifty g. of the average sample is rapidly, but ^thoroughly, 
ground in a mortar (in works it is oft9n possible to employ 
some m.echanical contrivance for this^ purpose), and introduced 
into a 500 c.c. flask. Lukewarm distilled water, freed from 
carbonic itcid by previous boiling, is the* poured on the mass, 
which is thoroughly shaken at on,cc, and subsequently at 
intervals during two hours. It«is importanj that the mixture 
should be thorefughly shaken' at the start, otherwise the 
mass cakes to a solid block on the bottqm of the flask and 
cannot then be broken up. • * • 

1. Free Lime. — At the end of the two hours the flask is 
filled up to the 500 c.c. mark, and two portions, each of 5 
c.c., of the thoroughly mixed contents are taken for the 
estimation of free and total lime. For this piirpo.se it is 
advisable to use a pipette, the outlet of which terminates 
abruptly, as shown in Fig. 205, instead of an ordinary 
pipette, the jong narrow outlet tube of which is very apt to 
get blocked by the solid matter present. 

The frothy material on the outside of the pipette is 
w^a’shed off by means of. a wash-bottle, the contents emptied into a 
beaker and ^he pipette washed out with water. An excess of barium 
chloride solution and., a drop of iJicjiolphthalein solution are added, 
and the mixture tifrated with Nj^ hydrochloric acid until the red 
coloration just vanishes^ Each i c.c. of thc^ acid = 0 00561 g. CaO. 
Provided the shaking is cfi^cient, concordant results are ob'^arrftd. ^ 

2. Total Lime. — This determination is carried out by first converting 
the lime into calcjuin chloride amV thjn into^calciym carbonate, in 
neutral solution, by addition of an excess of*A^/5 s 5 >d«ium carbonate 
soluticyi^ the excess of this reagent being titrated back by Nj^ acid. 
Five c.c. of the thoroughly shaken solution, as u^^ed uncTer i, is treated 
in cj'small Erlenmeyer flask with a few c.c. of strong hydrochloric acid 
»nd tlien heated to*boiliiig until all gas has bc;en expelled. A drop of 

1 Cy. Lunge, Sulpiuric Acid and A Halt, vol. ii., p. 601 ; Z angew, Cfiem., 1890, 3, 57*- 
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methyl orange is added j;o the cooled solution, which is then exactly 
neutralised with sodium Carbonate solution; 30 to 40 c.c. of iV/5 sodium 
carbonate is next added and the solution again heated to boiling. By 
this treatment the whole of the calcyim is precipitated ^as calcium carbon- 
ate, together with a certain quantity of oxide of iron, alumina, and 
magnesia, but the quantity of thd three latter compounds is small and 
for the present purpose may be neglected. The mixture is transferred 
to a 200 c.c. flask, the flask filled to the mark with water, and the 
excess of sodium carbonate dcteVminv^d hy titrating 100 c.c. of the 
filtered solution with iT/5 hydrochloric acid, using methyl orange as 
indicator. ^ 

If the number of c.c. of acid required = and 30 c.c. of sedium 
carbonate solution have been taken, the total calcium expressed as CaO 
is = (30— 2;/) X 0 00561, or, ^expressed as CaCOy, = (30 — 2;/) x o.-oiooi. 

The results obtained by these two tests are only approximate, 
owing to the impossibility ol" obtaining a really average sample; 
they serve, however, as a guide, pj'ovided that they are made on the 
thoroughly mixed turbid solution, "^he same reservation holds for 
all the results obtained for black ash, and on this account it is 
important to take the physical appearance of the ball into consideration. 

After the portions for the above tests have bcei'i taken, the 500 c.c. 
flask is well stoppered and allowed to stand until the solution has 
become perfectly clear, after which portions are witihdrawn for the 
following determinations. 

3. Total available Alkali. — Ten c.c., = i g. of black ash, is titrated 
cold with hydrochloric and methyl orange. This gives the total 
alkalinity, and is a measure of the NaX'Oo, NaOH, and Na.^S. The 
quantity of Na.COg present is found by deducting the values found 
under 4 and 5 and is equal to 0 053 g. for each i c.c. of normal acid. 
Any error due to small amounts of alumina and silica may be neglected. 

4. Caustic Soda is determined by adding an excess of barium chloride 
solution (10 c.c. of a 10 per cent, solution of BaClo. 2H.^O ’vill more than 
suffice) to 20 c.c. of the liquor contained in a too c.c. flask, filling to 
the mark with boiling water, .shaking and corKing ; the precipitate 
settles well, the solution becoming clear after^ a few minutes standing. 
Fifty c.e.-^^rf the clear solution is pipetted 'off and titrated when cold 
with hydrochloric acid and methyl orange. The solution should not 
be filtered, because filter paper absorbs appreciable quantities of barium 
salts. A simpler and -more exact method is to titrate the solution 
(10 c.c.) in presence of the precipitate, employing phenolphthalein as 
indicator, the colour change taking place when all alkali hydroxide is 
neutralised. Fach i c.c. of acid corresponds to 0 04001 g. NaO.H in 
I g., the weight of bjack a.sh taCen. In this method any 'sodiupi 
sufi^ide present is estimijjted as hydroxide; silica is present in 
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such extremely minute quantity that it dies not interfere with the 
determinafion^ though it may do so in Ihe finished caustic soda 
{cf. p. 566). , ^ • . 

5. Sodium suipljide# — Ten c.c.|Of the solution is dilutcil to atout 
200 c.c. with boiled air-free water, acidified with acettc acid and titrated 
quickly with iodine solution, employitig starch solution as indicator. If 
Nj 10 iodine solution be used (12-592 g. I per litr<^, each i ^.c. = 0-003903 

Na^S; if tl\c solution be made uj^to contain ^*252 g. I per litre, then 
each I c.c. = 0 001 g. Na^i>.% more exact 'process, clue to Lestelle, 
described under Ihe analysis of the finished .so(fa ash, is unnecessary 
in testing black a^ A detailed inve.^tigatiin has been made by 
Mardilewski ^ on the estimation of sulp^iidc-sulphur. ' • 

No ‘account need be taken of otly:r sulphur compounds, with the 
exception of sulphate ; *theif separation is dealt with under Soda Mother 
Liquors (p. 531). 

6. Sodium chloride. — T*en g.c. of •the solution is neutralised as 
exactly as possible with nitric aci^, most conveniently by adding the 
saiive number of c.c. of normal •nitric acid ^63-02 g. HNO., per litre) as 
were required of hydrochloric acid in test 3. The solution is then 
boiled until all sulphuretted hydrogen has been driven off, filtered from 
separated sulphur ’and, afUi* the addition of a little neutral potassium 
chromate solution, titrated with silver nitrate solution. Or nitric acid 
of any convenibnt strength may be added in excess and the solution 
rendered slightly* alkaline by addition of sodium carbonate or 
bicarbonate after all the sulphuretted hydrogen has been expelled. 
Volhard’s method, using ammonium thiocyanate as indicator (p. 74), 
can also be employed, in which case it i.s not necessary to neutralise the 
excess of nitric acid. Itach i c.c. of silver nitrate solution corre- 
sponds to 0-005846 g. NaC'l; a solution containing 2-9061 g. AgNOg 
per litre corresponds per 1 c.c. to o-ooi g. Na^Jl. 

’7. Sodium sulphate.— Twenty c.c. of the solutmn is acidified with 
hydrochloric *^icid, in not too great exccs.s, heated to boiling, and a hot 
solution of barium *cliloride addetk ^Should the bulk of precipi.tated 
barium sulphate Tdc* Small, it may be at once transferred to and 
washed on the filter with hot water and^ ignited in a platinum 
crucible whilst still wet. Each one part llaSO^ correspoiuw-fo o-6o8^ 
parts Na.^SO.^. * * 

• * , 

• 2. Vat Li()1?ok • • . 

Specific gravity — The specific gravity is taken by the hydrometer, 
and necessarily in the warm solution, since crystals separate on 
cooUng. Lunge “ has shown thaj. if the temperature of the liquor 
be taken at the same tiihc a very close approximation to the^ amount 
^ Z anal. cHem., 1893, 32, 405. • “ Chan. Imt.y 1881, 4, 376. •• ^ 
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of solid material in the liquor may be obtained since the percentage 
corresponds almost exactly with the percentage of^ pure sodium 
carbonate present nn a sodium carbonate solution of the same specific 
gravity {cf. Tables, pp. 549 and 550). 1 a 

<< The chemical examination of the vat liquor includes the following 
determinations! It is best, and saves much time, to withdraw small 
portions (2 to, 5 c.c.) in accurate pip(;*J;tes from the non-diluted liquor 
for the tests. * < 

1. Sodium carbonate — Two o.c. t/trated with normal hydro- 
chloric acid. If methyl orange be employed as indicator, the solution is 
cooled by addition of ' cold \yater. The number , of c.c. found under 2, 
together with ]‘y of the number of c.c. found under 3, must be deducted 
from the volume required in this. test. 

2. Caustic Soda. — Two or 5 c.c. is measured off and treated as 
described on p. 526. 

3. Sodium sulphide. — This is determined in 2 c.c. of tltv; liquor as 
described on p. 527. Errors arising from the presence of other sulphur 
compounds may be neglected. 

4. Sodium sulphate. — Two c.c. is examined as oiTp. 527. 

5. Total Sulphur — Five c.c. of the liquor is oxidised by addition 
of strong bleaching powder solution and ‘hydrochloric acid in excess, 
taking care that the solution smells strongly of chlorine. The solution 
is filtered and precipitated by barium chloride. 

6. Sodium chloride. — 'Fwo or 5 c.c. is neutralised as described 
on p. 527, and titrated. 

7. Sodium ferrocyanide — This may be determined by de Ilacn’s 
permanganate method, viz., precipitation as Prussian blue, decomposi- 
tion of this on the filter by sodium hydroxide solution, and titration of 
the re-formed sodium ferrocyanide by permanganate. The following 
modification of Hurter’s copper sulphate method is, however, both better 
and quicker. In its original form ^ the method had disadvantages 
which Lunge and Schappi" have overcome by adding only so much 
bleach solution as is actually necessary for the oxidation. The improved 
method is carried out as follows. Twenty c.c. o'f the liquor, or more 
in the case of a low evanide content, is acidified with hydrochloric 
acid aiKV^ strong solution of bleaching powder added from a burette 
to the well-agitated liquor. A drop of the mixture is withdrawn from 
time to time aivl added to a dre-p of ferric chloride, free from ferrous 
chloride, on a white pla't’e. The oxidation of ferrocyanide to ferricyanide 
is complete when the ferric chloride test gives only a brown solution 
free from I^erhn blue- A drop of-bleaching powder in excess does not 
matter, but if too much has been taken or too large a volume of the 

V Chem, News^ 1879, ^9, 25 ; Lunge, Sulphuric Acid and /]}/(//;, yol. ii., p. 672. 

- Chem. Ind.\ 1881, 4, 370. ^ 
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solution withdrawn for spotting, a fresh portiop of the sampb is taken 
and nearly the full quantity of bleach solution required run in at once, 
only a few tests on the plate being then necessary. * . ^ 

Nfio copper soAatipn (Jontayiing "yiyS g. Cu or 12-^86 g. crystallised 
copper sulphate per litre) is then added from a burette to the oxidisc<f 
liquor, causing precipitation of yellow coptjcr ferricyanide*Cu3Fe3(CN)^2. 
Frogn time to time the solution is tested Ijy mixiqg a drop/of the turbid 
liquid with a ckop of dilute lorrous )feulphat€ solution on a porcelain 
plate. The additio^n of the*c>)pyer solution is continued as long as the 
test gives the blue colour, due to the interaction of the ferrous sul- 
phate and sodium fer»', 4 cyanide, and until the colour produced on the 
plate Ifas a distinct reddish tinge. Wheh this stage has bee^n reached 
all the fe‘*ricyanidc has been ^converted into the cop[jrer compound ; the 
red coloiw is due to the reduction of the yellow ferricyanide of copper 
to the red ferrocyanidc by ,the ferrous sulphate. The reaction is 
hnished as*soon as the first marhed r(!ddening occurs, even though 
this disappears after a short time. Each i c.c. of the copper solution 
should correspond to 0-01013 ff- but later work^ has 

shown that such is*not the case, and that the actual quantity is 0-0123 g. 

It is, however, advisable to standardise Uie copper solution directly 
with pure potassium fcrrocj'^hkle. 

Zulkowsky - determines the ferrocyanide by adding the liquor to a 
boiling solution of zinc sulphate, acidified with sulphuric acid, until a 
blue colour is produced at the line of contact when a drop of the solution 
and a drop of ferric chloride are placed a little distance apart on filter 
paper. The precipitate has the composition : — 

• KiFc(CN), 3 . 3Zn,Fe(CN)o . 12 II ,0. 

• 

Zaloziecki adds zinc carbonate to the solution to be tested, passes 
carbon dioxide through the hot solution, and •titrates a portion of the 
filtoite with normal acid and methyl orange. The ferrocyanide present 
in the liquor is Calculated from the quantity of sodium carbonate formed 
according to the equation : — • • 

2 Na 3 Fe(CN)„ + 47 mC 03 - 2 Zn..Fe(CN), + qNaXO^. 

Should the liquor, as in the case of vat hVjuor, be alkaline*DCTore the < 
addition of the zinc carbonate, the acid corre*spondnig to such alkalinity 
must be deducted freyn that used after the yibove treatnrent. 

The thiocyanate may be determined appro:?imately C)y Hurter’s. 
method, wjiich consists in first precipitating the ferrocyanide by addition 
of zinc chloride to the acidified liquor, filtering, and#thcn comparing the 
red cciJo^ation^ produced on addition pf ferric chloride to the filtrate, with 

^ them, hhi t 1^82, 5, 79. ” Duigl. M'-/. 188^, 249, iG8.# 

^ Z. angew. Chem., 1890, 3, 2lo^nd 301. 
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a series pf standard solutions containing known quantities of thio- 
cyanate and ferric chloride. See also pp. 630 and 642.' 

8. Silica, Alumina, and Ferric oxide. Parnell’s method.^ — One 
hundred c.c. of the liquor is treated with an excels f f hydrochloric acid, 

considerable qfiantity of ammonium chloride solution added, followed 
by excess of ammonia, and the sblution boiled until all smell of ammonia 
has disappeared. The precipitate settles well, and may be filtered and 
washed without difficulty. On jvashing with hot water it acquires a 
deep blue colour (owing to formafton of Prussian blue ?). The mixture 
of SiOo, Al.^Og, and 'i"'eo03 is ignited and weighed. 

9. Carbonating Test — A considerable volyjne of the vat liquor is 
carbonated by passing a current of carbon dioxide through it, and filtered. 
The filtrate is evaporated to dryness and the residue tested for alkalinity, 
sodium sulphate, and sodium chloride. 

An example of the method of calculating the results and of the 
practical conclusions to be d‘*awn from the data obtained; is given in 
Lunge’s Sulphuric Acid and AlkaH, vol. ii., p. 674. 

3. Carbonated Liquors 

These arc examined in the same way as vat liquor. The contained 
bicarbonate is determined in addition. The determination of carbonic 
acid is performed most accurately and quickly by the Lunge and 
Marchlewski method as modified by Lunge and Rittencr- (p. 615), 
which is equally applicable for very large and for very small amounts 
of carbonic acid. Failing the apparatus necessary for this method, 
approximate results, sufficiently accurate for all practical purposes, 
may be obtained as follows. 

The carbonated liquor is titrated after cooling to nearly 0°, using 
phenolphthalein as indicator with vV/S hydrochloric acid until the 
red colour disappears. The other conditions, high concentration and 
a large percentage of sodium chloride, arc present af the start and 
are brought about during the titration respectively. Methyl orange 
is then added and the titration continued until the change to pink 
occurs. If c.c. of N/^ hydrochloric acid has been taken for the first 
titratiav;j\nd b c.c. for the second, then the number of c.c. corresponding 
to the con.stitue'iits of the liquor are: b — a for the bicarbonate, 2a for 
the alkali pre.scnt as Na2C03,,and a-bb for the total alkali. The 
ratio of bicarbonate to carbonate can thus be readily calculated. 

Other methods for determining bicarbonate are described under 
“ Bicarbonate ” (p. 569). 

The mother liquors resulting from the manufacture of soda crystals 
are examined in the same way as carbonated liquors. 

^ Chem. //«/., 1880 , 3 , 242 - Z. angew. Che,,i.^ 19 . 1849 . 
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4. Soda Mother LiqLors 

Appreciable quantities of sodiunj sulphite and thiosuljjjiate tnay 
occur in these liquefrs, in addition fo sodium* sulphide, especially \\^n 
they are derived from non-carbonate»l liquors. ^ 

The estimation of sulphide-sulphui* is generally carried out by 
^J^^elling the^ sulphuretted hydrogcyi With ^acief and abs^orbing it by a 
suitable reagent. The detailed cc/nmunicati()ns of Marchlewski ^ and** 
of Jannasch “ give? full inlorma?ion on this method: 

The determination is best made in a flask/ provided with a tap- 
funngl reaching nean'y to the bottom, lyicf with an cxitTube connected 
with one or two ten-bulb tubes (Fi" 193), fillc^ with ^minoniacal 
hydrogen peroxide, either •free from sulphuric acid or in which the 
quantity of sulphuric acid present is known. The material is introduced 
into the flask; in the case 'of a solid, it is covered with well-boiled 
water, and after the air has been expelled from the apparatus by a 
rapi^ current of hydrogen, hytlrochloric acid, diluted with an equal 
volume of well-boiled water, is slowly adinitted through the funnel. 
The solution is finally raised to gentle boiling, and hydrogen [)assed 
through for fiftecti minutps.^ The contents of the receiving tubes 
are then heated to boiling to complete the oxidation, acidified with 
hydrochloric a(*id, and the sulphur precipitated as barium sulphate. 
Sodium hydrox{d<? solution, free from sulphate, may be employed 
instead of the ammoniacal hydrogen peroxide, and the absorbed sulphur 
gases converted to sulphate by treating the solution with hydrochloric 
acid and bromine water and boiling until the excess of bromine has 
been* expelled. The hydrogen employed must be washed with an 
alkaline solufion of lead acetate and then with water. 

Instead of the above absorbents iVj 10 iodine solution may be em- 
ployed, the first bulb-tube being filled with this solution, and the second 
wfth an equ^J volume of Jvjio sodium thiosulphate solution, to catch 
any iodine carried forward. Tbe t\\;o solutions are combined at the end 
of the experimenf, ^ind the excess of thiosulphate determined by 
titration. The sulphuretted hydrogen corresponding to the iodine 
taken up is calculated from^he equation : — * - - 

n.^s + io - 2HI + S. 

• ^ • 

The presence oT carbonate in the liquors •does flok interfere ig 
any of these methods, but sulphites and thiosulphates will lead to error 
owing to*the liberation of sulphur digxidc. ^ 

TJie following method ^ is well adapted to the rapid determination 

• 0 • • • • 

• 1 Z. ana/. Chem.^ 1^^931*32, 403. - /. anorg. Cl\})j , i8y6, 12, 12^, i»4, 158. 

3 Grossma*n, Chem. Neuis^ 1878, 37, 224; ZMutul. t/icm., 1879, 18. '/9. 
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of sulphide,’ sulphate, sulphite, and thiosulphate, when present together 
in solution. ^ 

The sulphate originally present is determined in one portion of 
the liquor.'' The ajr in the flask tis^d for precii^itafiofl is first displaced 
by' carbon dioxide, to prevent oxidation of the lower sulphur compounds 
present, the sotation heated to, boiling, acidified with hydrochloric acid, 
and the sulphate precipitated by addit'-on of barium chloride. 

2. A second portion is •acidific'^l with acetic acid, diluted vdth air- 
free water, and titrated with iodin)^,-, usnig^ s‘tarch as indicator. This 
gives the NaoS^ Na.^§0.5+ Na^SoC.^. 

3. A third portion treated with cadmium ca 4 )onate to remove the 
sulphide, fil,t-crcd, the filtrate acidified with acetic acid and titratcd"with 
iodine. This givesHhe Na.>SO.j.and Na.^S.^O.} present. The difference 
between the readings obtained under 2 and 3 gives the Na^S. 

4. A fourth portion is oxidised by bromine water or bleaching 
powder solution (p. 528), and the tota’ sulphate estimated. From the 
value so obtained, the sulphate '^ound under i and the sulphate 
corresponding to the sulphide present are deducted. If B represents 
the remaining sulphate, expressed in g. Na.^SO^, and derived from 
the sulphite and thiosulphate, and A the total sulphite and thio- 
sulphate found in test 3, expressed in g. of iodine, the Na.;S.,03 
present = (0741784]^ — 0-4I4698A) g. and the Na.^SO.j — (o-66i4i7A 
-0.295775) g. 

Kalmann and Spiiller^ give the following process based on the 
behaviour of barium sulphite and barium thiosulphate towards water, 
the former being practically insoluble, whilst the latter is soluble in a 
large volume of water. 

{a) The total alkalinity is determined in a measured volume of the 
.solution by titration with normal acid, using methyl orange as indicator. 
The acid required corresponds to the sum of the sodium carbonate, 
sodium sulphide, sodium hydroxide, and half of the sodium sulph’te 
present. 

{b) An equal volume of the liquor is acidified with dilute acetic acid 
and titrated with N\\o iodine after the addition of starch solution. 
The iodine used corresponds to the sum of the sodium sulphide, .sodium 
sulphite, and sodmm thiosulphate present. 

(f:) A portion of the solution, double the volume of that employed 
in test I, is treated with ar alkaline zincate solution to precipitate 
the sulphide, and ma'de up to a definite volume. One-half of this 
is then filtered off, acidified with acetic acid, and titrated with N\\o 
iodine .solution and starch. The iodine used corresponds to the 
sodium sulphite and sodium thio.sulohate. 

{lI) ^Excess of barium chloride is added to a larger portion of the 
* 1887, 264, 456. 
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liquor — th-ee or four times that used in test i — the solution* made up to 
a definite volume with well-boiled water, the precipitate allowed to 
settle, and the solution then filtered. * # 

(a) One-third*oi^onc-quar'*er of^th^is solution is titrated with normal 
acid, the volume required correspon^ling to the sodium hydroxicUr*^d 
sulphide present. • 

^ • (/ 5 ) A second one-third, or dne-qurw'tcr, is acidified Aith acetic acid 
and titrated fvith Njio iodine^ sol^ition. This gives Uie sulphide and* 
thiosulnhate ^ • 


thiosulphate present, 

The calculation is as follows ; 


V 


• b~dp ^ ts. c.c. Nj lo iodine solution, corrcsponding;*to the Na.,S0.5 
b~c B „ „ ^, ^ * Na'^S ‘ 

„• ♦ „ * • „ Naj.SP3 

da-ijioW D ,, normal acid, * „ NaOII 

a-(^a-i 420 A) - E „ ^ „ NaXOg. 


The following method for the vlctermination of sulphite and thio- 
suli^hate, when (present togethe!', is due to 4 Calmann.^ In the reaction 
NaoS03+l2+H20 = Na2SO^-f-2HI, acid is produced; in the reaction 
2Na2S203-f N^2S,/\+2NaI, the solution remains neutral. The test 

is therefore carried out by allowing the solution to be examined to flow 
from a burette jnto a measured volume of iodine solution until this is 
just decolorised, then adding methyl orange and titrating the acid 
formed in the iodine titration by A^io sodium hydroxide solution. 
The iodine equivalent of the sodium hydroxide used gives the sulphite, 
and the difference between this and the total iodine taken corresponds 
to the thiosulphate. This method of testing is, of course, only appli- 
cable in the* absence of carbonate or after any carbonate present has 
been exactly neutralised, which is not always easily accomplished. 

. Dobriner and Schranz" state that only^NuoS and NaSH, or NagS 
and NaOH, and not all tlA'ce substances, can exist together in solution, 
and that this* should be taken into account in calculating and stating 
the results of analys^.^ * • 

Autenrieth and Windaus^ separate sulphite and thiosulphate by 
addition of strontium ni^raje, which precipitates the sulphite but leaves 
the thiosulphate in solution. According^ to experi^nents carried ou. 
in Lunge’s laboratory by Bruhns, the method g^ves useful if not quite 
accurate results, arwd it may therefore be*recommender^ more especially 
as it affords a direct separation of the two substances. 

FeW*^ describes the following process for estimating^ sulphur in all 
stages of oxidation, the method being more paTticularly intended for 
liquiSr? containing compounds of tl%e alkali earths. Free sulphur, which 

1 Ber ., 1887^20, 568. /. a ^ exv . 1896, 9*45^. 

3 /. anal. Chem ., 1898, 37, 291. ^ Oiem . Ind ., 1898, 21, 372. 
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may be dissolved in the fhiosulphate or polysulphide present in the 
liquors, is extracted, by carbon disulphide and separated from the solvent 
by clistilljjtioh. The sulphuretted hydrogen^ is then driven off by 
distilling the liqua* with -magnesimn cnloride in current of carbon 
dioxide (which makes the reactioi^ quantitative) and collected in Njio 
iodine solution. For this test ‘three absorption vessels arc employed ; 
two filled with*" iodine Solution; ai-^d tlie third with Njio thiosulphate 
‘solution to retain aiiy iodine carried forward by the gas. The 
sulphuretted hydrogen liberated ma/ arise from monosulphide, 
polysulphide, or sulphv(lrate. Should polysulphide be present, sulphur 
separates out during the dis{illg.tioi1 with magneVium chloride, apd is 
subsequently extracted from the residue by means of carbon bisulphide ; 
should sulphite also be pret'icnt, a portion cf the polysulphide sulphur 
may combine with this to form thicTsulphate. The residual liquor from 
the distillation is oxidised by |he additioh of iodine in exc;pss, which 
liberates sulphur from any sulphide of iron present, according to the 
equation : — 

2FeS + slip + 61 -- Fc P3 2S + 6HI. ' 

The liberated sulphur is extracted with, carbon birulphide as before. 
The thiosulphate, or rather the resulting tetrathionate, is decomposed 
by distilling the residue from the previous operation, or from a fresh 
portion oxidised by iodine, with aluminium and hydrochloric acid, 
and collecting the sulphuretted hydrogen evolved in iodine solution, 
as above. The conversion of the tetrathionate to sulphuretted hydrogen 
is quantitativ^e, but additional sulphuretted hydrogen will, of course, 
be produced from any other polythionates present. Sulphurous' acid 
is determined by treatment with excess of mercuric chforide, which 
decomposes all the sulphur compounds with the exception of sulphite, 
followed by distillation with hydrochloric acid, and collecting the 
liberated sulphur dYoxidc in iodine solutioif! 

The following method has been worked out by Lunge and J. H. 
Smith. ^ The sulphate is determined by displacing die air in the pre- 
cipitating flask by carbon dioxide to prevent oxidation, heating the 
solution, ^\difying with hydrochloric acid, “and precipitating with 
barium chloride. » A second portion is diluted with air-free water 
acidified with acetic acid, and titrated with Ay 10 iodine solution, 
running the acidified splution* from a burette into a* measured volume 
of iodine solution until the iodine is decolorised, or running a measured 
volume from *1 pipette into excess of iodine and determinihg the 
excess by titration with thiosulphate. A third portion, four times as 
large, is treated with zdne acetate Or cadmium carbonate to lenfove 
the sulphide, m^idc u^ to a definite volume, allowei^ to settle, anS 
’ Chem . Jnd .^ 1883, 6, 30 1. 
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one quarter of^ the solution titrated with iodine as abov<?, whilst a 
second quarter is allowed to flow into a considerable excess of 
neutral permanganate solution; an acid solution of ferrous ^sulph&te 
of known value in* t^rms of the petmanganate solution then adde^ 
and the excess of this finally titrated#back with permanganate. 
be the weight of sulphur as thiosulphAte oxidised to sulphate by 
I , <?.c. of the permanganate solutjpn * (according to 1:he equation 
3Na2S.,03 + cSK-MnO^ + H,0 = iNa..SO^ + sfcoSO, + 8M*nO.+ 2KOH), 
then 2W is the weight of sulphiTr as sulphite similarly oxidised ; and if 
W' be the weight of sulphur as thiosiTlphate convej;ted into tctrathionate 
by I j.c. of iodine solution, then iS the ^veight of sulphur as 

sulphite similarly converted into sulphate. If then given*volume of 
the solution reijuired c.c.»of permaflganaic solution, and an equal 
volume required V c.c. of iodine solufion, the sulphur as thiosulphate is 
given by (8WV — W'V'), ahd that as sulphite by 2/7 (W'V — WV). 

The quantity of sulphide preseht is found by deducting the value V' 
from the figure for the original iodine titration. 

This process l^as been further tested by*Lunge and Segaller^ and 
found to give exactly the same results as are obtained by the method 
proposed by Richa^dsun s.m\ Aykroyd,^ who had, through incorrect 
manipulation, stated that the* Lunge-Smith method was inexact. 
Richardson and Aykroyd determine the sulphate by precipitating cold 
with barium chloride after addition of tartaric acid ; a second portion 
is treated with iodine, and the acid produced by interaction with the 
sulphite titrated with methyl orange as indicator, exactly as described 
by Kalmann (p. 532). The sulphide-sulphur is determined in the 
ordinary manner. 

A very complete summary of the numerous earlier investigations on 
the action of potassium permanganate on thiosulphate, supplemented by 
further experiments, has been made by Dobbin,'Trom which he has drawn 
the*following conclusions. When neutral solutions of thiosulphate and 
permanganate react in the cold, there results a dark brown, flocculcnt 
precipitate of variabte <;6inposition, the solution remaining neutral. The 
quantity of permanganate necessary to produce a permanent coloration is 
less than that indicated By theory, assuming the thiosulpl;a<^'i to be 
oxidised to sulphate, and the permanganate 4 o be reduced to manganese 
dioxide. The brown precipitate alwa>^s contains tmanganese in lower 
stages of oxidation tlmn MnO^, in varying Quantity, togethe/ with traces ^ 
of sulphur compounds. The solution separated from this precipitate 
always dbfitains tctrathionate in addition to sulphate, and complete 
oxidation to sulphate cannot be effected even after prolonged boiling ; 
other«ubhur compounds do not appear to be present. 

^ /. Soc, Chem.^nd.y I900, ig, 221. • ^ Ibui.y 1896, •iS, 171, 

» /. Soc. C/iem. fiui., igoy 20, 2I2. 
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In vicV/ of these results, it would appear that the accuracy of all the 
earlier methods fgr the separation of the various sulphur compounds 
must be called into question. 

^ Dobbin confirn:is the -stateme'nfr^ frcqvcntly lost sight of, that barium 
sulphate is not altogether insol, uble in the presence of thiosulphate, 
so that when thiosulphate isr present the sulphate determination is 
inexact. < ^ * * 

‘ Sander^ determii>er thiosulphate in presence of sulphide, by first 
finding the sum of ^he two by titration ^v^th iodine, then adding to 
another portion excess of mercurie chloride, shaking till the dark pre- 
cipitate has |?ecome^.vhite,c adding ammonium'^hloride, and titrating 
the acid formed by means of N/io soda and methyl orange. The 
reactions with mercuric chloride are ,, c 

2Na,S.>03 -H sHgClo + 2ll.,0 - 4HCI + 2Na..SO, + 2fIgS . HgCb 
2Na.,S + 3I IgClo = 4NaCI + 2HgS . HgCb. 

From the al!:ali consumed, the iodine equivalent of the thiosulphate is 
calculated, and subtraction of this from the total iodine used givds that 
equivalent to the sulphide. Sulphites and thiosulphates together can 
be determined by the same reaction, cornfeining it„with Bosshard and 
Grob’s method.^ The reactions of sulphites are 

Na^SO^+IlCI = NaCl + NaHSO^ " 

NaHSb^ + HgCl, = NaSO^.HgCl + HCl. 

The sulphite is first determined by titration with hydrochloric acid and 
methyl orange, then excess of mercuric chloride is added, and the 
liberated acid titrated as above. Subti acting from the total acid that 
equivalent to the sulphite, the remainder is equivaleivt to the thio- 
sulphate. If sulphide, sulphite, and thiosulphate be all present, they 
can be rapidly determined as follows: — i. 10 to 20 c.c. of the solution 
is run into a measured excess of N/io iedine solution acidified with 
5 to 10 c.c. (measured) of A710 hydrochloric acid, and the excess iodine 
titrated with thiosulphate ; this ' gives total -siilphide, sulphite, and 
thiosulphate. 2. The solution is now titrated with Njio caustic soda 
and methyl orange ; subtracting the valu^ of the acid added in i we 
^ get the value of, the hydriqdic acid liberated by the sulphite, and can 
calculate the iodineuvaluc of the sulphite. 3. The iodine value of 
the thiosulpha^tb can now be found with mercuric chloride as above, 
‘and that of the sulphide is then obtained by subtraction. 

The totai sulphur and total oxidisable sulphur in so<i\a mother * 
liquors arc also alwa'ys determined (c/, p. 538). 

j C/im. Zeit., 1915, 39, N 5 ; /• Soc. Chem. Ind., 191*6, 35, ^07. ^ ^ 

^ fhem. Zeit.y 19^3, 37, 465 ; .Sbf. Chem. Ind., 1913, 32, 532. •See also W«ber, Chem. 

^Zeit., 1920, 44, 601. 

€ ^ 



VAT WASTE 


537 


5. Vat Waste, 

If it be not intended to recover the sulphur fronrr vat wa^tc, a 
determination oPtlfe av^ilabl^ alkaji •is usually con^dcred sfifficicnt ; a 
test of the total alkali is made in a^Idition from time to time. J^^he 
sulphur is to be recovered, the further* determinatiofis of oxidisable 
,and total sulphur must always* be made, although different methods 
of testing mfty be adopted according to lhc*na,ture of tlje process in use^ 

7ion-oxi(iiscd Alkali JVaste. 

/K . * . • ^ • 

One or two representative samples are taken each ejay from the 

heaps of fresh waste, ?^nd [placed in Urge, wide-ne<fl<ed, glass-stoppered 
bottlei^. If the samples be exptjsed to the atmosphere until dry, 
and determinations made ®n the air-dried waste, very variable results 
are obtained, according to the extent* of oxidation undergone by the 
waste. Hence the waste is alwa)s examined in the moi.st condition 
ancf the results calculated or! this basis* The percentage of water 
may be taken in round figures as 40; it is, however, determined 
directly when nefcsr^»*yr-s^ 

1. Available Soda. — Watson’s ^ modification of Lunge’s method is 
generally employed. 

Twenty g. of the waste is well stirred with from 150 to 200 c.c. of 
warm water and aflowed to stand for one hour; at the end of this time the 
clear liquor is decanted off and treated for five minutes with a current 
of carbon dioxide. On passing the gas the solution becomes at first 
doubly, but it clears later on as bicarbonate is formed and sulphuretted 
hydrogen evolved. This affords an indication that the whole of the 
calcium has been converted into bicarbonate. The solution is then 
ev.aporated to half its bulk or less, filtered from calcium carbonate, and 
the filtrate titrated with normal acid, using methyl. orange as indicator. 
The filtrate *still contains calcium compounds, but only in the form of 
sulphate or other. np’utral salt, which* exerts no appreciable inflwence. 
Watson found by this method only ('>•025 per cent, of soluble soda as 
an average of a series o^ analyses extending over a year. 

2. Total Soda (including insoluble .Y)dium compounds; Lunger*^ 
method). — 1771 g. of waste is heated in a porcelain or iron dish with 
sulphuric acid of sp. gr. 1-5 until the*wa»tc is thoroughly disintegrated 
and the mixture has been transformed into a stiff paste, when it is 
evapo/c>icd and all free sulphuric acid driven off by heating. Hot water 
is added to the residue, which is brdken up with»a wooden spatula and 
trajdsfsrrecUto a 250 c.c. ^cylinder..* Pure mill^ of lime (prepared from 
Ordinary .slaked lime by pouring off the first alUaline aqueous extract) is 

^ J. Soc. Chem. Ind.^ 1890, 9, II07. 
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added to neutralise the free acid and precipitate any magnesia present, 
the cylinder filled t^ the 25*0 c.c. mark and the liquid allowed to settle. 
FiftysC.c. of the clear solution is pipetted off, treated with 10 c.c. of 
saturated Barium hydroxide solution^ filteted throug'n ti dry filter paper, 
anS ^^?i.c.c. of the filtrate treated wi,th carbon dioxide till all the baryta 
is precipitated and, after filtra*-ion, titrated with normal acid. Each 
I c.c. of normahacid conespond.s to i ‘per cent, Na^O when the above, 
Viuantities are taken, this .fiictor including allowance for the volume of 
the waste. ^ ' 

3. Total Sulphur. — Two g. of tire waste is treated with excess of 
strong bleaching powde^c solu»don and hydrochloidc acid, to convert all 
sulphur to sulphate, .the mixture filtered, and the sulphate determined 
by addition of barium chloride to\:he filtrate^ C?re must be taken that 
the .solution smells strongly of chlorine after the oxidation. 

4. Oxidisable Sulphur. — This is arfived at by difference, by 
estimating the sulphur originally pr^.sent as sulphate in the waste 
and deducting- the value so obtained from the total sulphur obtained 
under test 3. Two g. of the waste is boiled with hydrochloric acid, 
filtered, the insoluble matter washed with dilute hydrochloric acid, 
the filtrate nearly neutrali.sed' by additioiv^or'yAiiie rodium carbonate 
and precipitated by barium chloride. 

B. The Chancc-Claus Sulphitr Recovery P'rocess} 

1. Sulphur present as Sulphide. — The apparatus employed consists 
of a flask fitted with a tap-funnel and gas-exit tube, the latter being 
connected with an absorption vessel, such as that shown in Fig.n93 
(p, 408), charged with a solution of alkali hydroxide and preferably 
connected with an aspirator. Two g. of the waste and a small 
quantity of water are introduced into the flask, and hydrochloric 
acid, diluted with amequal volume of w^lter, gradually run in from thti 
funnel until decomposition is complete. The solution is then boiled to 
drive ‘off the whole of the gas, iTucIli water bein^rcarried forward and 
condensed in the absorption ve.s.sel during the operation. When about 
one-third of the water has^een evaporated ark l 6ie two-thirds remaining 
JK the flask are bpiling hot,Kthe funnel tap is opened, the apparatus 
allowed to cool, and thoi contents of the absorption vessel transferred to 
a 500 c.c. flask^apd made up fo this volume. An ^iliquot part of the 
solution is taken, diluted considerably with well-boiled water, neutralised 
with acetic acick and titrated with N\\o iodine solution, each V c.c. of 
which = o*ooi6 g. S. {tf. also p. 531'for estimation of sulphide-sulphur.) 

2. Sulphur present as Sulphideun Carbonated mud.i-Si» gV is 

t ^ 

* Cf. Lufige, Z. an^qv. Cherre.^ 1890,^3, 573. For a description of the<process, see Lunge’s 
Acid and Alkali^ vol. ii., p. 945. 
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taken for th^ ar^alysis, which is otherwise carried out exactly as under 
test I. * , 

3. Sulphide -sulphur^ and Carbonic acid in vat waste. — 'Shis 

determination is but*scldom made. • "f'he apparatus frequire(f consisj^s 
of a small flask fitted with a tap-funnpl and connected with a (J'^be 
filled with anhydrous copper sulphate, to*absorb any hydrochloric acid 
tkaf passes over, and a sufficiently l,jirge number of calcium chloride 
tubes to dry the gas. Beyo^id Uhe^drying tube.s'two potash bulbs are 
provided and thest; are in turn connected witl>5 a weighed calcium 
chloride tube. Two ,g. of the waste togethe^ with some water is 
introcJ^jced into the flask and a current of nttrogen then p^issed through 
the apparatus. The waste is decomposed by hydjochloriS acid, the 
solution^ boiled, and al> sulphuretted *hydr^5gen and carbon dioxide 
carried forward to the absorption fubes by the current of nitrogen, 
which is continued for a considerable The gain in weight of 

the potash bulbs and final calcium chloride tube gives the weight of 
CO2 .and H^S contained in thq waste. The is determined by 
treating the pota«sium hydroxide solution 'as described above under 
test I, and the CO<, obtained by taking the difference between the two 
determinations. • 

* * 

4. Sulphur present as Sulphide in solutions of calcium sulphide 
or sodium sulphide. — Ten c.c. is diluted to 250 c.c., an aliquot 
part of this diluted with a large volume of air-free water, acidified 
with acetic acid, and titrated as under i. Should thiosulphate be 
present, it is estimated as under 5 and deducted from the total. 
Should poly sulphide be present, only the sulphur liberated as 
sulphilretted hydrogen and not that precipitated by addition of acid 
is shown by tflis method. 

Averitt^ dilutes 5 to 20 g. of the sample to 200 c.c., runs 10 c.c. 
into- a 200 c.c. conical fla.sk containing 15 c.c. of water, and titrates 
rapidly with J^l 10 iodine, with constant shaking, till the polysulphide 
yellow almost disappears, then adds^ a small cry.stal of nitroprusside, 
and continues the titration till the disappearance of the purple colbur. 
This gives the sulphide, and further titration till the liquid is tinted 
by iodine (or till addeef .starch turns blue) ‘'gives the thio^julphate 
present. ^ 1 ’ 

5. Soda, Lime, and Thiosulphate in sulphrr liquors. — The total 
alkalinity (CaO + Na’ip) is determined b/ titrating 5 c.c. of the liquor 
with hydrochloric acid, using methyl orange as indicator. A second' 
portion o? 50 c.c. is treated with carbon dioxide to drive off all the 
sulphuretted hydrogen (tested by lead paper), th^^ solution boiled to 
de^oihpibse tli‘e calciufji bicarbonate, tiiluted to 500 c.c., allowed to settle, 
and 50 c.c. of th« clear solution titrated as ab6ve, the acid required 

^ J, Ind, Eng. Chem.^ 1916, 8, 623 ; ^nalyst^ 1916, 41, 288. 
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representifig the Na^O present. The CaO is obtained as the difference 
of the two titrations. '■ 

A further portion of the carbonated liquor is titrated for thiosulphate 
by Njio iodine sqlution, -i c.c. of-vvhich ^ 0 0004 12''g.' S as NagS-^Oa. 

'^he separation of the various ^sulphur compounds has been described 
above (p. 531 li 

6. Lime-ldln gases — The carbod dioxide is estimated in any forpi 
of gas burette. or in an OVsat apparatus (Fig. 149, p. 272); the latter 
allows the oxygen tc\ be determined at Vh^ same time.^ 

7- Gas from the Gas-holder. — {a) The sulphuretted hydrogen and 
carbon dioxide toget^ir'r are*estimated as in tesf'j. 

{b) Thes sulphuretted hydrogen is determined in a wide-necked flask 
of known capacity, say about ^Oo c.c. Tbs' flask is fitted with a double 
bored rubber stopper through which pass two glass tubes, 'the one 
reaching nearly to the bottom^ of the fla^v, and the second ending just 
below the stopper. Both tubes are' provided with taps outside the 
flask. The gas to be examined Is passed through the flask until all 
air has been expelled; ^ or 25 c.c. of normal sjodium hydroxide 
solution is then admitted through one of the taps, and after thorough 
shaking the liquor is poured off, the fla?ik'"vv-c*h washed out, and the 
liquor and washings made up to a known volume. An aliquot part 
of the solution is then diluted with a large volume of air-free water, 
acidified with acetic acid and titrated with iodine.^ It is advisable to 
use an iodine solution containing 11-463 g. I per litre, since i c.c. of 
such a solution corresponds to i c.c. H^S measured at o" and 760 mm. 
pressure; i c.c. of Njio iodine corresponds to mo8 (or with sufficient 
approach to accuracy m) c.c. of H^S at o” and 760 mm. 

Lunge and Rittener’s method {cf. p. 615) can also 'be applied to 
the analysis of mixtures of carbon dioxide and sulphuretted hydrogen. 
The two gases are abs6rbed together by sodium hydroxide, and an 
aliquot part of thb solution then transferred to a second burette and 
run into a measured volume of A710 iodine salution, the excess of 
which is titrated back after the reaction. e .« •' 

8. Exit Gases from the Claus kiln — -These gases contain small 
amounts of sulphuretted hydrogen and suiplfur dioxide, both of which 
^compounds by interaction v^fth iodine solution give rise to twn molecules 
of hydriodic acid fo»' each atom of sulphur present ; but whilst the 
sulphuretted ^hy 3 rogeq does dot cause any further irtcrease in the acidity, 
the sulphur dioxide gives rise to an equivalent of sulphuric acid. The 
sum of HgS -f-^SOg is consequently measured by determining tlrtj quantity 
of iodine converted ‘into hydriodic acid, and the sulphur dioxide by 
the determination of the acidity ‘remaining after the h*ydrioiJi(? acid 
thus^ formed ha^ been neutralised. Since, however, Jthc passage o^ a 
^ See Block, Z, V^er. dent. Ztakerind., 1920, p. 223. 
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large volume of gas through iodine solution volatilises a portion of the 
iodine, it is necessary to insert a vessel containing sodium hydroxide or, 
preferably, sodium thiosulphate solution. One or more litres of thecas 
are aspirated throu^b 50 c*c. of Nj 10 ^odine solution contained m a bulb- 
tube (Fig. 193, p. 408), followed by a similar tube filled with 50 c.cudf 
N/io sodium thiosulphate solution. V^hep the operation’is finished, the 
contents of the two tubes are emptied into a beaker and, titrated with 
N/io iodine solution and .starch; tfie nun?ber pf c.c. required { = n) • 
multiplied by 0 00,1603 gi>?e 5 the t6tal sulphur present as SO.^+IIgS. 
The blue coloration is then removed by addition of a drop of thio- 
sulphate solution, methyl orange added, aqd the^ 4 ^olution titrated with 
A^/io*sodium hydroxide. If the number of c.c. necessary tq neutralise 
the solution be called^ ;//, j;hen wx ♦001603 givt^ the quantity of 
sulphur \3rcsent as SO^, and (;/ — ;;/) x. -001603 that present as IL^S. 


II. TITK AMMONIA-SODA PROCESS. 

« 

' RAW MATERIALS 


1. Rock-salt aiM p. 501 snj.). 

2. Gas liquor, Ammonium sulphate, and other Ammonium salts 

are treated of m Vol. HI., under the .section “Ammonia,” and are 
examined as there. described. 

3. Limestone (r/ p. 581). 

4. Quick Lime is analy.sed as described under Bleaching powder, 


p. 582. 

5. *Coal 

6. Coke 


} L<f- p- 327 


CONTROI, OF WOKKINC; CONDITIONS 

• • 

I. Ammorfiacal Brine. 

(i-?) Sodmni chlorddt\\ The solutidn Is acidified by nitric acid, and* the 
sodium chloride estimated by Volhard’s method (p. 74), or by titra- 
tion in the neutral or faintly alkaline solutiorv as described on pp. 73 
and 504. t 

(/;) Free and combined Ammonia, Ten c.c. of Jhe solution is diluted 
to about 100 c.c. with water and boiled ima distilling f^sk until all free 
ammonia and ammonium carbonate have been distilled info a measured 
volume normal hydrochloric acid, the excess of which^is determined 
by titration. When this has been Mone sodiuiA hydroxide solution 
is a%fdqd to. the residue pn the distilling flask and the distillation 
cdlitinued until all Ihe combined ammonia h^s been liberated and 
absorbed in a further quantity of normal a^id. * * 
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CARBONATE 


2. Bicarbonate vessels (Carbonators). — Free and combined 
ammonia are determined as under i. 

3. Mother liquors. 

(a) Free and combined Ammmiia^ as above ,, 

■ ^b) Unchanged Sodium chloride. Teh c.c. is evaporated in a platinum 
dishj'the residue ignited to drive all ammonium chloride, and weighed. 

4. Bicarbpnate. ' . 

((i) Total Alkalhiity {cf p. 570 ct , 

{!)) Carbon' dio.ride (cf p. et i 

(c) Moisture^ determined by ignition, the carbonic acid found 
under (li) and the cor^ spending water from bicaibonate being deducted. 

5. Ammonia ‘distillation. ' 

(d) Free and c(h^>bined Ammonia, in the mother liquor, as above, under 

I ib). . 

( 1 )) Milk of Lime, as under Bleaching powder, p. 583. 

(c^ Excess of Lime in the stills. One hundred c.c. is boiled until all 
the ammonia has been driven off, ammonium sulphate is then added 
and the boiling continued.^ The ammonia so liberated corresponds to 
the excess of lime present ; it is absorbed in normal rfeid, and titrated. 

6. Lime-kiln gas. — Determination of caybon dioxide (cf. p. 540). 

7. Analysis of the Finished Product, ^s ^Scrit)cd under “ Finished 
Soda Products,” p. 548. 


ill. MANUFACTURE OF CAUSTIC SODA 

The methods de.scribcd are restricted to those relating to the manu- 
facture of caustic soda by the lime process; the methods involved in 
the Ldwig process (causticising by ferric oxide), follow naturally from 
the former. The analyj^is of the liquors obtained in the electrolytic 
processes is referred to on p. 544. 

A . Caus^'Kli.sei) Liququ 

This liquor is examined in the same way as the vat liquors of the 
Leblanq process (p. 527 ct scqi)\ as a rule, bnly the specific gravity, 
' total alkalinity, spdium carbUnate, and sulphur compounds are estimated. 
A table showing the percentage of sodium hydroxide corresponding to 
various specifiagravit^cs is given under Caustic Scfda, p. 565. 

E . PhsiiKi) Salts 

« * 

The fished salts froip the strong liquors consist essentiiilly o^ rtjono- 
hydrated sodium carbonate and anhydrous sulphate ; those fished friSm 
jveaker liquors contain the jKimc two salts in the hydrated condition. 
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’ , » » 

For analysis, 50 g. of the salts are dissolved in water apd made up 
to 1000 c.c. » , 

1. Total Alkalinity is determined in 20 c.c. of fhe solution, exactly 

as in the case of jaystic%soda (p. 566)^ « 

2. Sodium chloride. — Tw^enty c.c. is treated with nitric ac\<i/ in 
excess, boiled to decompose sulphur compounds, and filtered ii neces- 
sary ; after neutralising the excess of nitric acid with soejium carbonate, 
•the solytion ps titrated with silvei nitrate solution as described on. 
pp. 73 and 504. ^ 

3. Sodium sulphate. — Twenty c.c. is acidihed with hydrochloric 
acid, and hot barium chloride .solution addled tc%|^nc boiling solution. 

y. Sodium sulphate from oxidisable sulphur compounds (sodium 
sulphite and thiosulphate). — Twenty c.c. of the** solution is treated 
with bleaching powder solution in excess, followed by hydrochloric acid, 
until the solution acquires, an acid reaction and smells distinctly of 
chlorine (./ p. 528). Barium chloride is^then added and the precipitated 
barium sulphate collected and wcig,lied. From the weight so obtained 
the .weight of barium sulphate obtained in Jest 3 must be deducted. 

^Caustic “Bottoms” 

Caustic bottoms arc exaimned for insoluble matter, total alkalinity, 
and sodium carbonate. 

I. Insoluble matter. — Twenty g. of the sample is dissolved in 
water, and the .solution filtered into a 500 c.c. flask. The insoluble 
matter is well washed, burnt whilst still moist in a platinum crucible, 
ignited, and weighed. 

2k Total Alkalinity. — The filtered solution is made up to the 
500 c.c. ma?k, and 50 c.c. is titrated hot with normal hydrochloric 
acid, using phcnolphthalein as indicator. Methyl orange is not suitable 
owing to the presence of alumina, the quantity of which may amount 
tft 2 or 3 per cent.^ ** * 

3. Sodium carbonate is determined as described under Caustic Soda 

(p. 567). 

1 ). Limk Mud 

The lime mud is examined for sodium hydroxide and sodiuip 
carbonate, free lime, and calcium carbonate. * 

I. Total Soda.— Ammonium caitbon^tc is added,, to the mud and 
the mixture evaporated to dryness to decompose all ihs^olublc sodium 
compoynds. The operation is repeated, the whole of the ammonium 
carbonate driven off, the residue washed with hot^^watcr, illtered, and the 
filtrate titrated for alkalinity. TIk^ result is best expressed in terms of 
]^ao*0 1^0'03i g. pel* i c.^. normal acid), although the sodium found 
* * Lunge, Z. iingeiv. L'hem.y I&90, 3, 300. ■* 
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may originally have been present partly as hydroxide and partly 
as carbonate. i 

2. Caustic Linie. — The mud is titrated with normal hydrochloric 

acid, emptying phenolphthalein^.as indicatory as dcrcribed on p. 525. 
Fro.Tii the result o'btained, the value found under test i, so far as this 
represents sodium hydroxide, muit be deducted ; no appreciable error 
will be introduced if the amount to bz deducted is assumed as equal 
to half the value found.undcr i. ' , . ' 

3. Calcium carbonate. — The tota^x calcium is determined by titrating 

with acid and methyl' orange and the caustic lime found under test 2 
deducted from the tofi^.^ ^ , V 

\ 

V,, 

IV. ELECTROLYTIC ALKALI ' LIQUORS 

The methods of analysis are the ,same, so far as the works tests 
are concerned, for both potash ai?,d soda solutions. In the case ot 
potassium compounds a determination of the potassium in the finished 
product should, of course, be made ; for this purpose the methods 
described in the section “Potassium Salts^’J^l. 11 ., are applicable. 
P^'or the sake of brevity the expressions 'Sodium carbonate, caustic 
soda, sodium chloride, etc, are to be taken to include the corresponding 
potassium compounds, when potassium compounds arc the raw 
materials. ‘ 

The essential |>roducts found in the liquors produced in the elec- 
trolysis of sodium chloride are: — sodium hydroxide, sodium carbonate, 
sodium chloride, sodium hypochlorite, and sodium chlorate. 

These arc the same as those found in “ Eau de Javql,” the com- 
mercial bleaching solution in which sodium is the base, though the 
proportions are very different in the two cases. The same methods 
of analysis are, ho\j'evcr, applicable in both instances ; these are giv^n 
in the section dealing with Bleaching compounds (p. 610).' 


V. CRUDE FUSSED SODA OF TIJE CELLULOSE 
V- ' * j INDUSTRY* 

By this namc;^ is understood «thc product which results when the 
waste alkaline fiquors obtained in the manufacture of cellulose from 
wood or straw by the “sulphite process” are, after addition of sodium 
sulphate, evaporated dryness and calcined. The product consists 
essentially of carbonate, hydroxidy, silicate, sulphide, sulphite ..and 
sulphate^ of sodium, but contains, in addition to thcee, small amoVmts Cif 
^ Cf. Z angew. them., 1901^ 14, II02 ; /. Chem. Ind., 1901, 20, 1231. 
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sodium chloride, iron oxide, lime, magnesia, and alumina, ^ince these 
latter substances are without influence on^the process, the amount 
present is seldom determined. A correct knowledge of the composition 
of the crude fused «soda* (recovered .<joda) is essential to the proper 
carrying out of the boiling o{ 5 eration, and indicates'which constituents 
are to be removed and which to 4 )e added fbr successful working. 
Although the substances actually#presenf in this product are the same 
as those in Leblanc black ash^ the f)roportions differ considerably, for w. 
crude fused soda contains ver^ li#rge quantities of sulphide and also 
marked quantities of silicate, espcgially when straw has been treated. 

The methods empfbyed for the determination* 6f the extremely small 
percAitages of sulphide and silicate present in Ueblanc liquors, although 
sufficiently exact for such purposes, aj'e not direc^^y applicable to the 
analysi ' of the wood-jAilp product, ^and, as Lunge and Lohdfer^ have 
shown, may easily lead to wholly unreliable results. A consideration of 
special infportance is the fact tjiat th« separation of carbonate and 
hydroxide by means of barium chlor^’de is quite im[)ossible in the presence 
of si 4 icate ; thus from a solution*of sodium rjietasilicate only a portion of 
the silica (50-6cr per cent.) is precipitated, even in the presence of a 
very large excess of tl]e reagent. As the, result of their investigations, 
Lunge and Lohofer rccommewd the following method for determining 
the chief constituents of crude fused sodium carbonate. 

Fifty g. of the average sample is dissolved by continued shaking 
with 500 c.c. of w?Lter free from air and carbon dioxide. Solution is 
effected in a litre flask at a temperature of 45^ and the solution is 
cooled and diluted to 1000 c.c. before taking portions for anal)’sis. 

I. Insoluble matter is determined in the usual manner, by treating 
a portion of, the sample with water, filtering, washing, and drying the 
residue. 

2- Alkalinity. — Twenty c.c. ( = i g. subst.'\ncc) is titrated with normal 
hydrochloric acid and yhenolphthalein till the^ solution becomes 
colourless, when methyl orange is added and the titration continued 
until the change to red takes place. , The number of c.c. required for 
each of these stages is ‘noted. The titration must be carried out in the 
cold solution, and the l^est results arc obtained if the temperature is 

not much higher than o'^C. {if. p. 530). The solution, •which is 

originally colourless, assumes a very faint ycIlo^'f tinge when the 
colour change with phenolphthalcin k? reached; un fyrther addition of 

acid the solution becomes strongly yellow "and milky sulphur is 

deposited ; but the colour change with methyl orange is quite distinct. 

3. Sulphide and Sulphite. — Twenty c.c. i g.* substance) is 
diluted to about 200 c.c. with air-/rcc water, acidified with acetic acid 
a«d rapidly titrated* wi.thT Nj\o iodine solution, using starch jjaste as 
1 Z, angeiv^ Chem., 1901, 14, 1125 ; .S^*. C/t 9 m. /«</., 1902, fl, 70. • 


2 M, 
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indicator. The sulphide present is found by deducting from the value 
so obtained the equivalent of the sulphite found under 4. 

As there ’s a risk of loss of sulphuretted hydrogen when the titration 
is carried out in an acidified solution, Conroy^ recommends adding the 
sulj^ihide liquor either to a measured volube of an acidified Nj 10 iodine 
solution until the latfer is decolorised, or adding a definite volume 
to an excess ^of iodine solution ard titrating back with sodium 
thiosulphate. 

4. Sulphite.—Thc sulphide prc .cnt is precipitated by adding a 

solution of sodium zincatc (prepared by adding sodium hydroxide 
solution to a solution zinc acetate until the precipitate first formed 
redissolves) to' lob c.c. of the solution, the whole made up to 250 c.c. 
and filtered through a dry filter paper. Fifty c.c. of the filtrate 
(==i g. substance) is acidified with acetic acid’ and titrated a^? above 
with iV/io iodine solution and starch, the iodine required corresponding 
to the sulphite present. ' 

5. Silicate. — Twenty c.c. of the .solution is treated with excess of 
hydrochloric acid, evaporated to dryness, and the silica estimated 
gravimetrically in the u.sual way. One part SiOo- •2 032 parts Na^SiOg. 
It is best to add the hydrochloric acid in an atmosphere of carbon 
dioxide, excluding air as far as po.ssible, thus preventing oxidation of 
the sulphuretted hydrogen and sulphur dioxide, so that the filtrate 
from the silica may be available for the determination of sulphate. 

6. Sulphate is determined as barium sulphate by the addition of 
barium chloride to the acidified filtrate from the silica determination. 
This method is only exact provided all oxidation has been excluded 
during the addition of the hydrochloric acid in 5. Further, incorrect 
results are obtained when relatively large quantities of thiosulphate “ 
are present, but this point has little bearing on the analysis of wood- 
pulp soda, as thiosulphate is not likely to be present in the fresh 
material. 

The calculation of the quantities of the various constituents present 
is mpst easily carried out by comoa^'ing the equivalents of the normal 
solutions employed, as will be evident from the tollowing example of 
an actual analysis : — 

I. Insoluble matter. 

(iz) 10.0039 ^ substance gave 1.0836 g. residue. 

{If) iq.cfooo g. 1.0805 g. ,, 

Wejght of Ignited Residue. 

{a) 1. 0000 g., thus giving 0.0836 g. carbonaceous matter. 

{b) 0.9904 g „ 0.0901 g. „ 

' Private communication. ‘ * c 

2 Cf. Richardson and Aykroyd, /. Sot. C/iem. hid., 1896, 15, ijri ; Annual Report on Alkali, etc., 
\Vorks, 'a899, P* 47 5 Dobbin,/, kjoc. C/iem. hid., 1891, lo, 218. 
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2. Alkalinity in c.c. Nj^ HCl. 

With<[3henolphthalein, 49.39; 49.33; mean, 49.36 c.c. 
„ methyl orange, 76.74; 76.74; mean, . 

3. Na,S 4 -Na,SO,. . . . 

40.23 c.c. I I Mean, 40.25 c.c. Njio I. 

40.27 c.c. Njio I J 4 ‘ • 

Na.SO;,. * • 

0.40 c.c. JVI 10 1 \ • ... * 

^ • nh T } Meaii, 0.40 c.c. iVAo I., 

0.40 c.c. JVjio I j / * • 

5. Na^SiO,,. 

0.0699 y Sio., I 0.0^00 g. 

. 0.0701 g. SlO,, j ’ M 4 . 

6. Na.SO,. 

y 1 iftean, 0.0^35 g. BaSOj. 

0-0534 g- l^aSO,, j b 1 


647 


Calculaliou, 


I «.(:. A75 IICI corresj)onds to o,eio6 g. Na^C4)j and to o.ooSo g. NaOH. 
I c.('. Njio \ • ,, 0.0039 g- Na^S ,, 0,0063 g, Na2S03. 

I g. SiOo „ 2.o2cS g. Na>SiO... 

i g. Na^SitX • •„ ‘^1-63 c.c. Nj\ HCl. 

I g. BaSO^ ^ „ * *0.6089 g. Na^SO.j. 

The 76.74 c.c. A^/5 HCl with methyl orange correspond to the : — 

Na^CO;^ + rjaOII -1- Na^SiO^ + Na^S +1/2 Na^O.^ present. 

The 49.36 c.c. Nj$ HCl with pheiiolphthalcin correspond to the: — 

NaOH + Na^,Si03+ 1/2 Na^SH- 1/2 NajCO.^ prc.scnt. 

[76,74 - o. 10 (for t/ 2 Na^SOg) I ~ 49.36 27.28 c.c. Nj^ HCl. 

2 X 2 7.28 - 54.56 c.c. iV/^ HCl = Na^S + NajC03. 

40.25 c.c. Njio I Na.S + Na^SO.^. 

40.25 - 0.40 - 39.85 c.c. Njio If Na^S. 
o,4c^c,c. A^/i o I - Na^SO.j. • 

54.5G - ■^'-'•^5 - 34.04 C.C. JV/s I ICl - Na.CO... 

49.36 - 27.2S ^ 22.08 C.C. iV/'5 HCl = NaOH + Na^SiO... 


I g. substance, therefore, ^or. 4 iains;- 


(” 


Na,C03 
Na^Sid-j 

NaOH 
Na.,S 
Na‘.SO. 

Na^^O, 

Insoluble matter 


34 . 64 x 0 . 010^3 0.^672 g. 

0 . 0700 x 2.028 O. I 420 g. 

11.59 c.c. >/5 HCl) ^ ^ 

( 22 . 08 -- 11 . 59 ) X 0.008 — 0.0839 g. 

39 . 95 x 0.0039 - 0 . 155 ^ g. 

0 ..J .0 0.0063 •- 0.0025 g. 

0 . 053 ^x 0.6089 0.0326 g. 

Residue-^ 10 =- o. 1081 g. 

0.0^586 g.) 


^uf which the carbonaceous iftattcr = 
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I 

VI. FINISHED PRODUCTS OF THE SODA INDUSTRY 

. f t - f 

^ The various 'products of me* maitufacture are : soda ash, soda 
crystxils, crystal carbonate, caMstic soda, sesquicarbonatc and bi- 
carbonate, together with an* interiT\ediate product known as caustic 
ash; the method of 'analysis of the last does not call for special 
comment. ' ‘ ‘ t, ‘ 

The individual * products vary somewhat ill their properties 
according to the i^qMiod of manufacture. *-Thus, for example, a 
non-carbonatcd ash 'vmade* by the Leblanc process may contain 
both caust*ic soda^and sodium sulphide, whilst the presence of these 
compounds is practically ‘'impossible in tlic pioduct of the ammonia- 
soda process. The chief impurity of Leblanc soda, according to per- 
centage, is sodium sulphate, whilst in ammonia-soda the chief impurity 
is chloride. Commercial bicarbonate prepared by the ammonia-soda 
process may contain a small percentage of ammonia, whilst in bici^rbon- 
ate prepared from soda crystals, ammonia is never present. Generally 
speaking, however, the same methods are adopted for the examination 
of any individual product, irrespective 'of its or'igin. Any special 
characteristics of importance dependent on the process of manufacture 
will be referred to in the description of the methods of analysis 
employed. » 

Special attention should be paid to the methods of sampling given 
on p. 8. 

A. Soda Ash 

This product consists essentially of sodium carbonate, but it may 
contain as impurity, smajl quantities of other sodium salts together with 
alumina, ferric oxjde, water, etc. 

Chemically pure sodium carbonate^ contains 58-49 per cent. Na^O, 
anej 41-51 per cent. COo, and a .specific gravity of 2 5. Various 
values have been found for the melting-point by different observers; 
Carnelly gives 814°, Ic ^Chatelicr 810", Victor Meyer 849*. On fusion, 
* a small' qimntity of sodium oxide is formed, and at a yellow heat the 
loss of carbon dioxide may rise to per cent. This loss on heating is 
inconsiderable j^t temperatures .below the melting-point and may be 
c altogether obviated by heating in a current of carbon dioxide. No loss 
occurs below a temperature of 300” (cf. p. 49). 

The first of the fpllowing tables gives the percentage content corre- 
sponding to the various specific gravities of solutions of pure sodium 
carbonate, together with the corresponding 'percentage of^ deca'nySrated 

„ * ‘ , ♦ 

^ For further details, c/. Lunge, Sulphuric Acid and Alkali., vol. ii., p. 43. 
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I. Specific Gravity of Solutions of Sodium Carbonate 
• at 15° C. = 60° F. ^ 


Hpooillc 

Percentago by Weight. 

Kilos per 1 

eubic nu’tie. ^ 



• 

Gravity. 


• *1 


N.-i^GOj. 

N.i._.C< lOH .0 

Na.,CC»;. 

Na..CO. lOHoti. 

1-007 

0-67 

1-807 • 

0-8 

18-2 

• 1-014 

1-33 

3*587 

12-5 

, 30-4 

1-022 , 

2-09 

5-037 • 

. 21-1 

57-0 

1-029 

2-70 

•.7-444 

a8*4 

. 70-0 

1-03G 

. 3-43 

* • 9-251 

35-5 

95-8 

1-04.5 

4-29 

11-570 

44-8 

120-9 

1-052 

4-9\ 

13-323 

52-0^ 

110-2 

1-000 

5 -71 

15-100 

A Cfl-o 

163-2 

• 1-007 

0-37 

17-180 

04-0 

• 183-3 

1-075 

7*12 1 

19-203 1 

70-5 , 

SIOO-4 

1-083 

7-88 ! 

21-252 * 

85-3 • 

230-2 

1-091 

8-02* 

* 23-248 

• 94-0 

253-0 

1-100 

9-43 

25-13-2* 1 

103-7 

279-8 

1-108 

10-19 ! 

• 27*482 

112-9 

301-5 

1-1 10* 

10*95 

29-532 • i 

I 122*2 

329-0 

1-125 

11-81 

31*851 

132-9 i 

i 358-3 

1-131 

12-01 

34-00£ 

143-0 ! 

385-7 

. 1-142 

13-10 

35*493 1 

150-3 1 

* 405-3 

1-152 

14-24 

38-405 

• 101-1 

442-4 


Specific Grav^^y of Solutions of Sodium Carbonate in degrees 
TwadQell at 15’ C. = 60" F. 


• 

Percentagi' 

by Weight. 

Lbs. per 1 eubi<' foot of solution 

Degrees 





Twaddell. i 






N’a.,0. 

NaoCO t 

NajO. 

NaoCt).;. 

1 

0-28 

0-47 

0-172 

0-294 

2 

0-56 

0-95 

0-350 

0*598 

3 

0 84 

1-42 

0-525 

0-898 

4 

1-11 

1-90 

0-707 

1 -209 

• 5 

1-39 

2-38 

0-889 

1-521 

0 

1-67 

2-85 

1-070 

1-830 

7 

1-95 

3-33 

1-257 

2-149 

8 

2-22 

3-80 

>•411 

2-404 

9 

2-50. 

4-28 

1-031 

2-788 

10 

2-78 

4*70 

1 -852 

’ 3-110 


3-00 

5-23 

2-012 

3-440 

12 

.3*34 

5-^1 ^ 

2-200 

3-772 

13 

• 5 *01 

0-17 

2-390 

4-097 

14 

3-88 

0-01 

2-591 

4-430 

15 

4-10 

7-10 

2-783 

4-759 

10 

4-tJ • 

7-57 

2-S81 

5-098 

17 

4-70 

8-01 

, 3-181 

5-43lf ' 

18 

4-97 

8*51 

• 3-382 

• 5-783 

19 

5-21 

8-97 

3-5820 

0-125 

20 

• 5 *52 

9-4:^ 

• 3-783 

• 6 -408 

21 

5-79 

9-90 

3-9Sfi 

t)-84Jl 

22 

0-06 

10-37 

4-197 

7-177 

• 23 

0-33 

10-83 1 

4-403 

7 -529 

• 24 

6-61 

11*30 

4-615 

7^91 

25 

6-88 

ll-7tj 

4-825 * 

8-249 

20 

7-15 

1^-23 

5-040 

8-017 

*27 

, 7*4-2* 

12-70 

5-250 

8-988 

28 

7^0 

13-16 

5-46Q 

9-354 

29 • 

7-97 

13-63 

• 5-091 

•9-713 

30 

8-24 

14-09 

• 

5-908 

10-103 
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sodium carbonate, and the weight of sodium carbonate, anhydrous and 
hydrated, contained in i ^ cubic metre of solution at i^“C. The data 
(at 15°) are calculated by Lunge from Gerlach’s determinations. The 
second t?.ble gives corresponding data for degrees /Twaddcll, the per- 
centage content of Na^O and of Na2C63, and the content of these per 
cubic'* foot of solution. The thifd table (at 30°) is based on Lunge’s 
own dctermin^itions, and deals with the stronger liquors which frequently 
occur in practice and which can only exist above the ordinary atmos- 
pheric temperature. ^ ^ 


3. Specific, Gravity o^Concentrated Solutions of Sodium Carbbnate 
at 30° C. = 86“ F. 

<1 '/ 




100 lbs. contain lbs. 

1 litre contains grms. 

Specific. 

Gravity. 

Degrees 

Twaddoll. 





NaoCO... 

.Na-^GOj 10 II.jO 


NaeCO i lOHoO. 


1-310 

G2 

28-13 

75-91 

368-5 

994-5 

1-300 

60 

27-30 

73-07 

354-9 

957-4 

1-290 

58 

26-46 

71-40 

311-3 

921-0 

1-280 

56 

25-62 

69-11- 

32;^ -9 

884-7 

1-270 

54 

24-78 

66 86 

314-7 

849-2 

1 -200 

52 

23-93 

64-59 

301-5,, 

813-2 

l-2.'i0 

50 

23-08 

62-15 

288-5 

778-5 

1-240 

48 

22-21 

59-94 

275-1 

743-0 

1-230 

46 

21-33 

57-55 

262-3 

707-8 

1-220 

44 

20-47 

55-29 

249-7 

673-8 

1-210 

42 

19-61 

52-91 ! 

237-3 

640-3 

1-200 

40 

18-76 

50-62 ! 

2-25-1 

607-4 

1-190 

38 

17-90 

48-31 

214-0 

577 5 

1-180 

36 

1 17-04 

15-97 

201-1 

542-6 

1-170 

34 

16-18 

43-38 

189-3 

510-9 

1-160 

32 

15-32 

41-34 

177-7 

479-5 

1-150 

30 

14-47 

39-04 

164-4 

449-0 

1-140 

28 

13-62 

36-75 

155-3 

419-0 


According to Lunge, ^ these tables not only give the percentage of 
Na2C03 in solutions of pure sodium carbonate, but they give with 
eilmost equhl accuracy the oercentage of solid matter, that is, sodium 
carbonate plus impurities, in ordinary vat liquor {cf. p. 527)* 

A tabic shovving the influcnce‘’of temperature from 0° to icx)° on the 
specific gravhy of sodium carbonate solutions has been published by 
Lunge.^ Liebig'^ has made use of Lunge’s figures in calcidating the 
mean values given in the following table. 

1 Chem. Ind.y i88l, 4, 376. i, 

" Technical Chemist's Handbook^ 2nd edition, 1916, p. 

^ Post, Chem. tech. ''Analyse, 2nd edition, vol. i., p. 79$. 
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4. Influence of Temperature on the Specific Gravity gfbodium 
* Carbonate Solutions. 

(Approximate mean values for + 1° C.J 




• • 

’’or Tiitiipcraturo 

•from • 1 


• 

• For .specific Qravitlea 

0" to 80“. 

80'‘ to 40". 

40’ to 50'. 

.50" to 7#-. 

70" to 10(f . 

rtom 

•'to 

• 

0-0002 

0-0004 

0-0004 

O-OOlfT) 

*0-00(T5 

r(?io 

1-0.50^ 

0 0003 

0-0004 

0-0004 

•, 0-0000 

O-OQO^ ' 

l*-060 

1-070 

0-0004 

0-0004 

o-ooon 1 

• 0-«000 

o-oooo 

1-080 

i-iioj 

0-0004 

0-0004 • 

0-0005 

0-0000 

O-OOOo 

1-120 

1-170 ( 

0-0004 

0-0004 

^-0000 

0*(f007 

0-0007 ^ 

1-180 

1-200 

0-0005 

0-0004 

0-0005 

0-Q007 

^ 0-00(f7 

^ 1-210 

1 -240 j 

• 

0-000.5 

0-0005 

0-0007 

• / 

0-0007 

1-241 • 

1-2521 


0-0005 

0-0005 

0-0000, 

0-0008 , 

f 1-203 

1 -285 / 



^ ^ 

• ♦ 

_ 

* 

1 




A Vfdry^ thorough investigation of the specific gravities of solutions 
of sodium carbonate and of soditim hydroxide has been published by 
R. Wegseheider and II. Walter;^ the results differ but slightly from 
theligures given above up to tlie third decimal place. 

The chemical analysis of commercial .soda ash is generally confined 
to the determinatjon-of the available alkali or alkalimctrical degree; 
a complete analysis is, howeVer, made from time to time as a check 
upon the process. 

Determinatioi\ of the available Alkali of Soda Ash.— The method 
generally used is as follows: 26*50 g. of soda ash is weighed off in a 
small beaker and dissolved by boiling with water in a larger vessel. 
The solution, together with the small amount of insoluble matter, is 
traniiferred to a 500 c.c. flask, made up to this volume after cooling to 
15", well sha4<cn and filtered, if necessary, through a pleated filter paper 
covered by a watch-glass. Fifty c.c. of the filtrate is then titrated 
wi.th normal hydrochloric acid and methyl •orange. For an ash con- 
tfiining 98 per cent. Na^^OO^, 49 c.c. of normal acid*(i c.c. — 2 per cent.) 
will be requifed for the titration. 

In the method jiqopted by thb German alkali manufacturers, the 
ash is always ignited before determining the percentage of alkali and 
the results calculated •on , the ignited maternal; this gives the only 
satisfactory results. 2-6525 g. is taken ^r the ani^lysis, ’dissolved in 
water, and the solution titrated directly without filtering. Each i c.c. 
of normal acid corresponds to 2 per centf Na2C03. • • 

If the readings are made to c.c. in a 50 c.c. burette graduated m 
c.c.,*ai may very readily be done in the manner described on p. 35, 
the error in the reading will not exefeed 0-05 percent. Na^COa. 

nornval solution of hydrochloric acid is employed, containing 
3^*46 g. HCl gcr litre, standardised both by means of chemically 
^ Monatsh., 1905, 26, 68$ ; 1906, 27, I3- 



652 '^^THE MANUFACTURE OF SODIUM' CARBONATE 

( ' ' ■ 

pure sodium carbonate and by silver nitrate {cf. p. 50). Methyl orange 
is the most convenient indjlcator. 

It will be notetd that in the method generally adopted in Britain, 
the alkalinity is determined in thp solution only, wkiht in the German 
method the alkalinity due to calcium carbonate, magnesium carbonate, 
ferric 'bxide, etre., in the insolubVe matter is included in the total. 
This does not,, however, cause any appreciable difference, at all events 
' in the case of ammonia-s6da, in which the total insoluble' matter 
(inclusive of sand, carbonaceous mcitte**, /atid other substances not 
affecting the alkalinity) does not exceed I per cent. 

Various methods ar^in v^^gue of, stating the results of the titration, 
t\e. the strength of the ash. In "the scale proposed by Gay-Lussa^, the 
strength is expressovl in terms cf available soda, under which all the 
substances present which react with normal acid, such as carbonate, 
hydroxide, silicate, and aluminate, arc included. Chemically pure 
sodium carbonate contains 58-4'9 per cent Na.^ 0 , and would thus corre- 
spond to 58-^9 degrees Gay-Luss'cic. These degrees are generally 
referred to as “ English ” or •«“ Newcastle ” degrees, which, however, 'give 
the commercial strength always higher than the real value, as the 
table is calculated on the assumption that the chcrgical equivalent of 
Na^COg is 54, instead of the true value® 53 00. 

In Germany, the “degrees” indicate percentage of Na>CO>, which 
is rational as applied to sodium carbonate itself ; but the scale is also 
applied to all other sodium compounds, such as caustic soda, which act 
upon the test acid, and the strength is accordingly quoted in terms of a 
substance which occurs only as an impurity in the caustic alkali. The 
scale is, however, in general use commercially. 

In France and Belgium, soda compounds of all kinds /also potash, 
baryta, etc.) are quoted on a basis similar to Gay-Lussac degrees, that 
is, according to their titrim-etric value, leaving out, however, all reference 
to the particular alkali, whether sodium hydroxide, sodium carbonate, cr 
potassium carbonate. The scale employed is that of Dcscroizilles, and 
the degrees indicate the quantity of s'ulphuric acid inonohydrate (H^SO^) 
neutralised by 100 parts of the alkali examined. Since 10 parts of 
chemically pure sodium carbonate are equivakaat to 9- 252 parts ILSO^p 
t^ie standard acid is prepared in such a way that 92-52 half cubic centi- 
metres (so-called “ divisions ”) will exactly neutralise 5 g. of pure sodium 
carbonate ; or, ip 'other words, ♦’the standard acid contains exactly 100 g. 
rL^S04 to the^litre. The “Dcscroizilles sulphuric acid” is prepared by 
adding about <3150 c.c. of concentrated sulphuric acid to 5o»tlilres of 
water, and standardismg, as described on p. 50. 

The following table (p. 553) shows the , relationship betwqcnUhe 
English, German, and French degrees, and h a*pplicable to sodiufh 
hydroxide and all soda products. 
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Bockmann has drawn attention to the importance of always stating 
the results of the determination of the available alkali of soda ash on 
the dry material, so as to avoid disputes that may arise from any 
absorpticni of moisture .that may have taken p'3a5:e during storage. 
When exposed to the air, soda abh takes up moisture fairly rapidly, and 
may absorb up- to lo per cent.,. whilst the loss on ignition of a soda ash 
properly handled in drawing from th-c**calcining furnace and in packing, 
is always less than o i.pcr cent. For this reason, it is certainly desir- 
able that the results should be expressed Oir the dry substance as well 
as on the sample as received. ' • 

. . (to ' 

, GkneraV Examination of Soda Ash 

Under this heading th^ folliiwing determinations arc included, in 
addition to the alkalinity determination : specific gravity, clearness of 
the aqueous solution, degree of fineness* matter insoluble in water, 
oxide of iron, sodium chloride, and sodium sulphate. 

I. Specific gravity or Density (Bdckmann). — The term specific 
gravity, or more correctly density, when applied to sqda ash, docs not 
mean the actual specific gravity as determined in the pyknometer, 
where the intervening space* between the variotis particles of the ash 
is filled with a liquid, such as benzene, in which it is insoluble. For, 
as the impurities are about as dense as the soda ash itself (in 
round numbers, NaXO.j, 2-5; Na^SQ.^, 2-6; NaCl, 2'i), the actual 
specific gravity is largely independent of quality and of method of 
manufacture. 

It is, however, necessary for many purposes to be able to express 
in figures the “bulkincss” of the ash, a property which depends on 
the method of manufacture and grinding adopted. The expression 
refers only to the cubic weight, that is, the weight of soda ash which 
can be closely packed into" a vessel of definite capacity. 

Bockmann recohimcnds for this determmation a strong cylindricM 
glass vessel, prepared by cutting off the upper part of a specimen bottle 
and grinding the edges of the lower part until the. capacity is as nearly 
as possible 100 c.c.^ It is not essential that the capacity should be 
100 c.c,, ^ut the employiftent of a vessel o^ thfs size saves calculation. 
The capacity of khc vessel \o within o-i c.c. and its weight to within 
01 g. arc determined ^nce for all, and both values are etched on the 
^lass. , * y ^ 

The ground and dry ash to be examined is filled into the vessel 
in about six separate portions, the glass being tapped on the table 
after each addition ii’I order to pack the soda as closely as possible, 
so that a finger-nail does not make an .impression ifi tho' rfia^. 

^ Spec^l bottles fq’* “cubic weight” determination of this capacity^are made by Desaga, 
Heidelberg. 
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Finally, the ash standing above the top of the vessel is ft^oved by 
sliding a small glass plate over the rim, afte^ which the vessel and soda 
are weighed on a balance turning to o-i g. The clensity obtained is 
calculated to the^s^cond decimal ^dace. . * 

If the ash is filled into theVessel \^ithout pressure and tapping, the 
results are quite different from thost^obtained b^ the above mctiTod,but 
they are concordant amongst themselves and are consc^quently equally 
applicable in.practice. This alternative method is more suited as an* 
empirical test to be uscd*ii^ t^e packing-room. The Vessel may con- 
veniently consist of a^box made, o/ wcll-seasonec| wood and having the 
internal dimension‘d |OX 25 x 20 cyi., corresponding to a capacity of 20 
litr^, or similar suitable dimensions t (5 give capacity^ of i cubic foot. 
The soda ash is filled in with a clean, wooden spatde, care being taken 
to disturb the box as little as possible in introducing the material. The 
excess of ash is carefully removed by drawing a .straight [)iece of wood 
over the \op of the box, which. is thefi weighed. The weight of the 
ash X 50 gives the weight of ash per cubic metre. 

Another plan for determining the density is to use a metal cylinder 
about 8-5 cm. hrgh and 3 cm. diameter, filed down so as to hold 62-5 c.c. 
of water. The weight in grams of ash tlxit fills a vessel of this capacity 
is equivalent to pounds p*er^:ubic foot, as i g. per 62*5 c.c. — i lb. per 
cubic foot. 

Soda ash ma^ be divided into three grades, according to the 
density — “light” (density 0-8 to i-o), “ medium ” (about i-o to 1-25), 
and “heavy” (about 1*25 to 1-50). 

2. The Clearness of the Aqueous solution (B( 3 ckmann). — The 
examination of the solution for turbidity is made by dissolving 25 g. 
of the ash 41 500 c.c. of warm water in a beaker, and comparing the 
solution, after cooling, with a standard .solution prepared in a similar 
manner. 

• The solutions obtained from ammonia -ash <ire relatively very 
clear, on account of the great purity of the product ; this point is of 
advantage in col»iy*^and similar* \Vorks. Naturally a commercial 
product like soda ash always contains traces of impurities and a 
perfectly clear solution is ngt to be expected.* 

3. The degree of Fineness (Bockmawn).— The jJegre*c of finene .s 
attained in the grinding is only determined in tfee case of a very heavy 
ash containing a •considerable prdporrton of coarsqr particles, and 
only then, as a rule, when there is reason to suppose that the grindiifg 
has bce^i insufficient. For the determination, 1000-^500 g. of the 
soda is sifted through a sieve of 35 cm. diamtter and 2 mm. mesh, 
ancC tl)e cciarser particles remaining on the sieve weighed. The 
^Inount of the j-esi3ue* should not exceed 5 per cent, of thq sample 
taken. 



( 

66C THE MANUFACTURE OF SODIUM 'CARBONATE 

f f 

4. Insl 3 luble matter (Bockmann). — Fifty g. of the sample (or 100 g. 
in the case of a very pure, sample) is weighed off in a large beaker on 
a balance turning too-i g. and sufficient water added to dissolve the 
ash; 1:he contents of the beaker are agitated grntlyand continuously to 
prevent the formation of lumpj-i which would retard solution. The 
whole then allowed settle for^ from 4 to J hour in a warm place. 
As a rule, the' insoluble matter, settles^ well, and when this is the case 

* the greater bulk of the solution cari be syphoned off or decanted ; the 
remainder is then filtered through a tared filter paper and the insoluble 
residue well washed ^with hot wate**. The two filter papers and in- 
soluble matter are dried at lOo'" and weighed. 

To determine the iron prcseilt in the insoluble matter, the dried and 
weighed filter is moistened ^with , water and the precipitate treated on 
the filter with warm hydrochloric, acid. The acid filtrate is treated 
with ammonia, and the precipitated ferric hydroxide filtered off and 
dissolved in dilute sulphuric acid (1 :i4). The solution is reduced by 
zinc and then .titrated with permanganate. The titration may be made 
in the hydrochloric acid solution after reducing, diluting largely with 
water, and adding manganese sulphate solution, but the end-reaction is 
less sharp in this case. ^ 

5. Sodium chloride. — Two g. of ammonia-ash, or 5 g. of Leblanc 
ash, is dissolved in water and either exactly neutralised with nitric 
acid and titrated with silver nitrate solution (p. 7^) with potassium 
chromate as indicator ; or the determination may be made in acid 
solution by Volhard’s method (p. 74). 

6. Sodium sulphate. — Five or ten g. of the sample is dissolved in 
hydrochloric acid and the sulphate precipitated by the addition of 
a hot solution of barium chloride to the boiling solution. 

The Complete Analysis of Soda Ash 

0 - 1 

This includes, in addition to the determinations already described, 
the determination of the various, constituents cf tl\e insoluble matter 
(sand, carbonaceous matter, alumina, calcium carbonate, magnesium 
carbonate, and ferric oxide), and of bicarbonpte, hydroxide, sulphide, 
Sj'dphite, ' silicate, and alunjinate of sodium. The five last-named 
impurities arc only fpund in Leblanc soda. Such gross impurities 
as sulphide of iron, fcrrocyan*de.s, etc., which were formerly met with 
in Leblanc ash, need hardly be looked for to-day. In addition, it 
is necessary to determine the moisture, should any opportunity 
for its absorption ha?;e occurred between the times of manufacture 
and analysis. This may be done by drying in a desiccator over 
concentrated sulphuric acid, or with greater certaintj^, by drying fdr 
half an hour at 300°, or by gentle ignition. 
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Before carrying out the various determinations, it is advisable to 
ascertain whether sodium hydroxide, sodijum sulphide, and sodium 
sulphite are present or not. For this purpose, a portion of the solution 
is shaken with an^eiccess|of barium chloride in absence of air, arfd the 
filtrate tested for alkalinity by mea^is of sensitive* litmus paper. A 
second portion of the alkaline scMution is Ibsted for sulphide by 
myeans of sodium nitroprussid® or lead acetate paper, and a third 
portion examined for sulphite by testing* whether the .solution after* 
acidifying with acetic aoid^ajjd •dding starcli paste will decolorise a 
dilute solution o? io(Jjne. . • ^ 

For the analysis^ lOO g. of th^ ash is^weighed into a large beaker, 
agitated with warm water until solfition is*-* complet*e, ^the solution 
allowed to settle for about half ai^ hour in a, warm place, filtered 
through a tared filter paper into, a litre flask, the insoluble matter 
thoroughly washed and thc*filtratc and washings made up to looo c.c. 

1. Sodium chloride — Twenty c.cf ( = 2 g. ash) in the case of 
ammonia-ash, or 50 c.c. ( = 5 g. adi) in the case of I.^eblanc ash, is 
neiftraliscd with dilute nitric add or dilute, sulphuric acid, and titrated 
with silver nitra1;e .solution (p. 73). 

2. Sodium sulphate. — Fifty c.c. (-5.g. ash) in the case of Leblanc 
.soda, or 100 c.c. (= 10 g. a 5 h)*in the case of ammonia-soda, is rendered 
slightly acid by addition of hydrochloric acid and the sulphate pre- 
cipitated in the hot solution by addition of barium chloride. 

3. Sodium bicarbonate. — This only occurs in ammonia-soda, and 
is present only in traces. It is determined as described on p. 569. 
At least 5 g. of the sample should be taken and dissolved without 
agination in cold water. 

4. Sodium hydroxide. — This only occurs in incompletely carbon- 
ated Leblanc soda or in cau.stic ash. One hundred c.c. of the solution 
(=10 g. ash) is taken and analysed as described on p. 526. 

5. Sodium sulphide. r-This is estimated by L^istelle’s method,^ by 
titrating 5cP c.c. of the .solution ( = 5 g. ash) with an ammoniacal 
solution of silver rytratc. This solation, prepared by dissolving 13-.825 g. 
pure silver in pure nitric acid, adding 250 c.c. of ammonia solution, and 
diluting to 1000 c.c., corresponds per i c.u to 0 005 g. Na^S. The 
solution of ash is heated to boiling, ammonia added, ^md*the silver 
solution run in drop by drop from a burette, g^dua*led in c.c., until 
no further precipitation of the dark-coloured silvur^ sulphide results. 
To get the end-point more accurately it is advisable to After the solution 
towand.^ the end of the titration, repeating the filtratjon as often as 
may be necessary. Working with 4 hc above quantity of solution, each 
I (;c. of silver nitrate .solution usorl corresponds to o-i per cent. Na.^S. 

• 6 . Sodium sulphite.— Fifty c.c. of the solution (=5 

1 Comptes rend., 1862, Ss, 739* 



5S8 


THE MANUFACTURE OF SODIUM CARBONATE 


(V 

acidified acetic acid, and after the addition of starch solution, 
titrated with Njio iodine solution till the blue colour appears. Each i 
c.c. Njio iodine solii'tion equals 0-006303 g., or 0-1261 per cent. Na2S03. 
Or the iodine solution containing 3-252 g. iodine-per li^'re, described under 
black ash (p. 527), ihay be cmplo3^ec(, cacR c.c. of which corresponds to 
o-ooi6rj g. or c 0323 per cent. Nie^SO^. A deduction must, if neces- 
sary, be made for the percentage of .mlphidc found under test 5, in 
• the ratio of 1-3 c.c. Ayio iodine solution, or 5 c.c. of the we.iker solution, 
for each i c.c. of 'the silver solution used." 

7 . Sodium silicate ’ and Sodium aluminate. — One hundred c.c. of 

the solution (= 10 g. ash), or better, iq g. of the ash directly weighed off 
and dissolved in watei^ in the'-dish (to avoid error caused by 'the 
alkaline solution attacking the gla.ss vessels), is acidified in a porcelain 
dish of about r litre capacity by the gradual addition of hydrochloric 
acid. The solution is then evaporated to dryness on the water-bath 
and finally dried at a higher tchiperaturc. On extraction wi’th water, 
the silica remains behind, and the -alumina goes into solution ; each 
constituent is then determined in the usual way. * 

The silicate present in soda ash is too small in amount to interfere 
with the separation of the carbonate and hydroxide. 

8 . Insoluble matter (Bockmann), — The niter paper through which 
the .solution of the 100 g. of ash has been filtered is moistened with 
water and the ferric oxide, alumina, and calcium and magnesium 
carbonates dissolved by addition of hydrochloric acid. The residue 
on the filter is well washed with hot water and the filter paper again 
dried and weighed, against the same paper as tare as before. This 
gives the sand and carbonaceous matter. The quantity of sand 
present is estimated by burning the filter paper and in.soluble residue in 
a platinum crucible and deducting from the weight so obtained the 
ash found on burning the filter paper employed as tare; the difference 
between the weighings gives the percentage o^ sand. 

The filtrate containing the portion of the residue soluble in hydro- 
chloric acid is then submitted to the .so-called “ complete " commercial 
analysis, which consists in determining the iron oxide volumetrically as 
described on p. 452, and taking the rest of the insoluble matter as 
calcium carbonate ; that Is, the content in alumina and magnesium 
carbonate is not taken separately into account, but is looked upon as 
part of the calcium carbonrte. ' This is sufficiently accurate for 
technical purposes. 

In the method of determining the available alkali by direct tit;iation 
of the soda solution, wThout previous filtration (p. 551), the following 
substances, if present, are determined in the titration along with the 
sodium carbonate : calcium and magne.sium carbonates, the sesqui^ 
oxides hi the portion insoluble in water, sodium hydroxide, sodium 



ANALYSIS OF SODA ASH 


5Da 

bicarbonate, sodium sulphide, sodium sulphite, sodium sili*^te, and 
sodium aliAnirdite. If the titration is n?ade in the filtered solution, 
any alkalinity due to basic substances in the inlolubletnatter is excluded. 
In any case, hovvev<^r, thf influence of these impurities, botji soluble 
and insoluble, plays but a smaH parf iii the titration ?)f an average ash 
whether manufactured by the ammonia or Leblanc, process For 
example, supposing an ash gives q;i titrat/on a total alkalinity, including 
that of tjie insoluble matter, equivalent to 98 4'’ per ccn^. Na^CO^ and 
the insoluble matter equals p-.^3 ppr cent., a d^duction of 0-3 is made 
from the total and tli^c percentage of sodium carbonate present put 
clown at 98-1. A 98' /oda ash must at least consume acid equivalent 
to 98*>per cent. Na^^CO^ when the filtered solut'on is tit/ated, and the 
acid used may unhesitatingly be calculated to Na^CO^ for commercial 
purpose, s, since the soluble impurities arc only present in traces, and 
for all the important techivcal applications of soda ash, with the 
exception of the manufacture of .^oda crystals, the impurities will react 
in the same manner as their cciuivalont of sodium carbonate. 

Should it be necessary, in an‘Cxccptional case, to ascertain the real 
quantity of Na.^(!i03 present as accurately as po.s.sible. the sodium 
carbonate equivalent to the impurities determined as above, is de- 
ducted from the total availaUc alkali. The direct determination of 
sodium carbonate, that is, of the carbonic acid content, is best made 
by the gas-volumetric method of Lunge and Marchlewski (p. 615). 

A good soda a.4h should not contain more than 0-4 per cent, of 
matter insoluble in water, nor more than about 01 per cent, insoluble 
in hydrochloric acid, whilst the ferric oxide should not exceed 002 per 
cent. The impurities present in ammoiiia-ash frequently fall consider- ^ 
ably below these limits. 

The amount of sulphate present in ammonia-ash will not exceed 
01 per cent, unless it has been specially Ridded, while in the best 
Leblanc soda ash it may r^ach from ! to 1 per cent.^ and in ash of low 
strength may «vcn exceed 8 per cent. 

Sodium chloride is^'esent to thuejetentof from I to 2I per cent, in 
ammonia-ash accorclifl^ as it is 98' or ash. Good Leblanc ash 

contains only from I to ^per cent. ^ 

9. Physical and QualTtative Tests. — Various physicpal and^ 
qualitative tests may be advantageously a'pplied to fhe lower grades 
of ash made by the^ Leblanc process*^ ^ ^ 

A good quality of second grade ash should be white in colour even. 
^ when h^t, not yellow or reddish, though it cannot be expected to be as 
white as ‘^refined alkali.” On the qfher hand, \^Jlen oxtde of iron is 
preseyit to an^ considerable extent,^ yellowish product is often found 
to4)e*better carbonated tjiali a pure white product. 

^ 8/. Lunge, Sulphu) ic Aad and AlkSi^ vol. ii., p. 737* 



560 


THE MANUFACTURE OF SODIUM CARBONATE 


Frec^ently the ash possesses a bluish tinge, which arises from 
sodium manganate or from ultramarine, either formed in the black 
ash or, occasionaliy, purposely added. A grey colour indicates poor 
carbonating and calcining; as a rule such asl^ will ^^^ntain much caustic 
alkali, together wich incompletely oxidised sulphur compounds. Good 
ash skould only show* a few dark or red specks after grinding. The 
proportion of sodium hydroxide should in no case exceed 2 per 
cent, except in “caustic*- ash”'; if the ash be intended for the 
manufacture of soda crystals, a npaxjmuir of i per cent. NagO is 
frequently stipulated,* but it is difficult to keep w,ithm the limit, especi- 
ally when, as in the 7'yne works, all the motlxer liquors are worked 
up and carbonated, no^ by gas,«but by sawdust. It is, however, readily 
done when Macteq,r’s mechanical carbonator is employed. The ash 
should contain at most only very slight traces of sulphide. Even in 
the case of a moderately calcined and earbonated ash it should be 
impossible to detect sulphidc‘-by m^ans of lead paper, and one drop 
of Njio iodine should be sufhcieitt to produce a blue coloration when 
added to a solution conta,ining starch and i g. of the soda ash.* An 
alkaline solution containing lead (sodium plumbate)' acts better than 
the ordinary lead paper. Ash manufactured by the Leblanc process 
always contains minute quantities of sulphur compounds of the lower 
degrees of oxidation, but these can only be detected when large 
quantities of the ash, 50 g., are worked upon. A second quality ash 
may be regarded as satisfactory in this respect when the oxidisable 
sulphur compounds present do not exceed o-i per cent, of sulphur; 
for most purposes twice or three times this amount does no 
harm. 

Sodium thiosulphate cannot occur in calcined soda^ ash, since it 
would be decomposed in the early stages of calcination. Sodium sul- 
phite, on the other hand, is nearly always present, though in very 
small amount, in ^the poorer qualities of , ash. It may be detect^ed 
by iodine solution or other reagents {c/. p. 430). c 

A good second grade ash shguld not contain, more than from i to i J 
per cent, of insoluble matter; ih per cent, shoiilcl be looked upon as a 
maximum. The insolujile matter consists chiefly of calcium carbonate 
taccompknied by alumina and silica ; ferric oxide is only present in 
traces, except in*ash of reddish-yellow colour and very bad appearance. 

The moisture in freshly njiado ash ranges from, I to I per cent., and 
•when the ash \s well packed it should not rise much over i per cent, 
even after some time. When the moisture reaches 2 per cent., the ash 
becomes lumpy and ^discoloured ;* it may absorb up to 10 per cent, of 
moisture if exposed to a damp atmi^sphcre. ^ 

The two neutral salts, sodium chloride and sodium sulphate, wliich 
are always present in soda tsh, are practically without effect, prejudicial 
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or otherwise, in the quantities normally contained in ordinar^^ash ; this 
is, of course, dot true when they are purposely added to reduce the 
strength. * 

Examination of Chemically ^Pure SodiUxM Carronate 

, According to Krauch,^ the ngtrium •carb. puriss. usually employed 
for analytical >vork contains minute traces Qf irdn, sodium chloride, and « 
sodium sulphate. On this acdouiit only the* purest hnd completely 
anhydrous product, natrium carb. §icc. chem. pur. should be employed 
for standardising ^oh >ions and other similar *work. Kissling found 
Merdi^’s natrium carbonic, sicc. pulv. chem. pur.rf(for analysis), prepared 
from natr. carbonic, chem. pur. cryst., to consist oijly of sodium oxide, 
carbon dioxide, and wtiter J it lost^o-63 per cent. CO.^ and 147^ per 
cent, (corresponding to i molecule) H./) at 150'’, and therefore con- 
tained a tittle bicarbonate. Aqcordin^ to Krauch, ordinary chemi- 
cally pure anhydrous carbonate contains from 2 to 3, per cent, of 
wator. • , 

The various fln purities are tested for as follows.^ 

* Silica. From 5, to 10 g. is evapor^ited with an excess of dilute 
hydrochloric acid,*the residue dried for some time at icx)' and then 
dissolved in a little hydrochloric acid and about 150 c.c. of water; 
the resulting solution should be clear and free from any flocculent 
precipitate of silica. 

* Sulphuric acid. Five g. is dissolved in 75 c.c. of water, the 
solution made slightly acid by addition of hydrochloric acid, heated to 
boiling, and barium chloride added ; no separation of barium sulphate 
should be apparent after twelve hours’ standing. 

* Sodium chloride. The slightly acid solution of 2 g. in 20 c.c. of 

water and dilute nitric acid should remain, unaltered on addition of 
sijver nitrate. , , 

* Arsenic.* Five g. of granulated arsenic-free zinc is placed in a 

Marsh generating flask of 200 c.Cf capacity, dilute hydrochloric .acid 
added and the reagei^ts tested in the usual way for freedom from 
arsenic. Fifteen g. of the, sodium carbonate is then dissolved in a 
small volume of water, the solution rendered acid by addRioif of pure 
dilute hydrochloric acid, added to the generating flSsk, and a steady 
slow evolution of g^s maintained for hglf an fiour;,no indication of 
arsenic should occur during this time. • • 

Sellable organic Iron compounds. Twenty-five g. of the carbonate 
is dissolved in 100 c.c. of lukewarm water, Jthe sofution filtered 
through a pleated filter paper and the filtrate treated with half its 

0 • * 

1 The Testing of CIgmical RPagfnis fo! rurily^Yt. 2 %l, ^ • 

- Chetn. Zeit.y 1890, 14, 136. ^ The tests marked * are taken fiom Kraucl*/t)i^. cit. 

• * 2 Ni 
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volume ^ur^sulphuretted hydrogen water. The solution should remain 
absolutely colourless and show no greenish or dark Coloration after 
standing for. an h'oiir. A blank test should be previously made with 
the distilled water employed. 

Krauch {/oc. cu.) makes a geir^eral examination for heavy metals in a 
similar marine** : 20 g. of the carbonate is dissolved in 60 c.c. of water, 
the solution made acid by hycfrochlor’c acid, and sulphuretted hydrogen 
water added ; no coloration or turbidity should result. The solution 
should remain equally clear and,fr^c from green coloration after 
addition of ammomVand ammonium sulphide. 

* Phosphoric acid. , Twenty g. of the carbonate is dissolved in 
60 c.c. of water, and ni ric acid added in considerable excess, followed 
by a solution of amrponium molybdate. No sign of a precipitate should 
appear after the solution has been allowed to stand for two hours at a 
moderate temperature. 

A mnionium salts. According to Krauch {loc. cit.)y several grams of the 
carbonate are heated in a test tube containing a piece of moistened 
turmeric paper in the upper part of the tube, which is loo.scly closed. 
One-fiftieth of a per cent, of ammonia may be detected in this manner, 
whilst not less than i per ceqt. of ammonium salts can be recognised by 
smell without the paper. Detection by smell may be made much sharper 
by dissolving 10 g. of the carbonate in 500 c.c. of water, distilling the 
solution in the apparatus described on p. 476, under Ulsch’s method of 
nitrate estimation, and smelling the gases evolved af the exit-tube from 
time to time. 

* Sodium thiosulphate. The aqueous solution is acidified with 
acetic acid (i -.50), and tested with silver nitrate. If, at the end of 
several minutes, the solution only shows a white opalescence (chlorine), 
it may be taken that neither thiosulphate nor arsenic is present in 
appreciable quantity. A reddish or yellowish turbidity indicates 
arsenic, whilst a brown or black turbidity indicates thiosulphate \rf, 
p. 569). 

* Potassium. The yellow flame colorat’on ^ produced by the 
carbonate should not show any, or only a transitory red tinge when 
viewed through cobalt glass or an indigo prisrn. According to Krauch, 
f^ven fractions of a per cent, of potassium salts are sufficient to produce 
a persistent red coloration in the flame. 

* Sodium hydroxide. Trrccs of this impurity are best recognised 
qualitatively by Dobbin’s reagent, ammoniacal potassium mercury 
iodide. Kissling ^ gives the following method for its preparation. A 
solution of 5 g, of potrssium iodide is treated with a solution of mercuric 
chloride until the precipitate formed just ceases to redissolve. The 
solution is filtered, and i g. of ammonium chloride added to the’ filtrate, 

^ Cheui. Zeil. Hep.^ 1898, 14, 1 36. 
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which is then cautiously treated with dilute sodium hydrox^dte solution 
until a slight permanent precipitate is formed. The solution is finally 
filtered and the filtrate diluted to i litre. 

To apply the Jtfst, small quantity of the carbonate solution is 
placed on a watch-glass and* the rc.-.gent added ;Mie least trace of 
hydroxide gives a yellow coloration. • ^ 

Ji. Soda Crystals . , 

Ordinary soda* crystals consist jesscntially of decahydratcd sodium 
carbonate, Na2C03.ToH20, which, in the chemic^illy pure state, contains 
2I-6>8 per cent. Na.^O, 15-384 per*cent, COo (together, Uiereforc, 37-06 
per cent. Na2C03), and 62-94 per cent. A description of the 

properties of this salt*and»of other Tiydra^cd compounds of sodium 
carbonate containing less than 10 m*oleculcs of water of crystallisation 
is given in*Lungc’s Sulphuric Acid and^Alkali} The most important 
of these other salts is known as “ Crystal Carbonate,” which contains 
82-0* per cent, of NaoCO.^, 17 4>er cent, of II.2O, and i per cent, of 
other salts (practically NaXOg.H.O), but the quantity made is 
small when compared with that of the ^ordinary decahydratcd soda 
crystals. * • ♦ 

Commercial soda crystals seldom contain the theoretical quantity 
of water. Thc^e is either a small excess, which should not exceed 
I per cent, due fo the drying only being carried out at ordinary 
temperature, or there is too little water, owing to cffiorescence, from 
prolonged exposure to the atmosphere. Effloresced soda crystals lose 
considerably in appearance and this sometimes gives rise to complaint, 
although the^ change is entirely in the buyer’s favour. 

The coinmercial product is never free from sodium chloride and 
sodium sulphate. The percentage of sodjurn chloride should not 
apl^reciably exceed 0-5 5>er cent, whilst the percentage of sodium 
sulphate, the •presence of which is essential for the production of hard 
crystals,'^ is seldom leas than i and rise to 2. A higher percentage 
of sulphate is to f>e* regarded as inadmissible, especially as it is fre- 
quently added as an adulterant. Commercial^soda crystals should test 
at least 34 per cent by titration, allowing for alU im^purities ; 

generally 35 per cent will be found, and in effloresced samples the 
percentage will natyrally be still higher. , ^ 

The estimation of the available alkali and of tfie •impurities is 
carriec^out exactly as described under soda ash. 

Grosser impurities, such as insojuble mattei^ iron, Ac,, were fairly 
frequent in the yellow crystals common in the early days of manufacture 

* ^ Vol. < 1 ^ 2 - 8 1 . 

- Lunge’s Sulphuric Acid and AlkaH^ vol. ii., p. 755* 
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but they are seldom found in the fine, colourless, transparent crystals 
which are now supplied. A yellow coloration may be *'due in part to 
organic matter. * * 

‘^Chemically pure crystallised sodium cfirbonate” (natrium carb. 
cryst. chem. pur.)* is examined as'desclibed on p. 561. 

< 

t 

' G. Caustic ^oda 

Chemically pure sodium hydroxide can* only be obtained by treating 
metallic sodium with w^ter and is not prepared' on the manufacturing 
scale. Its properties fire described in Lunge’s Sulphuric Acid and 
Alkali} whdre Honigmann’s table of the boiling points of solutions of 
sodium hydroxide is also given. * 0 

The specific gravity of aqueous solutio.ns of sodium hydroxide has 
been determined by various observers. Tiinnermann’s determinations 
(1827) were made use of by Schiff (1858) for calculating a formula 
connecting density with concentration, and this formula was employed 
by Gerlach (1867) for the preparation of his table of^specific gravities 
which was in general use until twenty years ago. This table was 
revised by Hager (1883), and an independent series of determinations 
was published subsequently by Pickering'-^ (1894). Bousfield and 
Lowry ^ have recently shown that all these determinations are unreliable, 
owing to the difficulty of preparing solutions of knbwn concentration ; 
in every case the solutions appear to have been standardised by 
titration, a method which they have shown to be inaccurate to the 
extent of from 0-2 to o>3 per cent. Hager’s table is in their opinion less 
accurate than that of Gerlach ; they regard Pickering’s relative values 
for the specific gravity at different concentrations as substantially 
accurate, but the absolute^ values as unreliable, to the extent of o-ooi 
at 50 per cent sodium hydroxide, and roughly to a proportionate 
extent at the lower concentrations. 

Bousfield and Lowry'* have accordingly nq^de a fresh scries of 
determinations of the specific gravity of sodium'’ hydroxide solutions, 
which is given in the following table ; the determinations were made 
at iS^C.s but in the original paper are also calculated by means of a 
series of temperature coefficients to 15^ The solutions were prepared 
from weighed quantities of mefallif sodium and the densities determined 
by means of Ulfe pyknometer ; the values may be regarded as accurate 
to within 0 01 per cent, of sodium hydroxide, and involve a possible 
error of o ooof in the sp. gr. of a 59 per cent, solution. 

c , 

’ Vol. ii., p. 81. ‘ ^ 

Phil. Mag.^ 1894 [v.] 37, 359 ; J. Chem, 6W., 1895, 545. 

^ Phil. Trans., 190^', 204, 253. ■* loc. cit. 
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# 

Specific Gravity of Solutions of Sodium Hydroafide 
at i8"C. =64“4F.« • 


NaOll. 1 

I’or Cont. 

* Speci^c GraviJ.y. 

, NaOU. . 
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A detailed table, giving the variation of specific gravity with changes 
of temperature from o'* to loo"' at intervals of lo", is also given by 
Bou^field and Lowryd A similar table up to temperatures of 50'’, but 
based on th& earlier determinations of specific gravity, is given in the 
Technical Chcniisfs^ Handbook {\). 190 ).^ 

It is important to bear in mind that solutions of sodium hydroxide 
prepared from commercial products show grcatci* variations in the 
degree of purfty than solutions of sodium carbonate or of acids. 

The ordinary rul^j^^for sampling,'d&scribed under “ General Methods 
of Technical Analysis ” (p. 4), arc not applicable to caustic soda, which 
comes on to the marke* in^solid blocks paclred in iron drurns. The 
block filling the drum is not perfectly unifo/m througl^out ; 1;he portions 
most nearly representing the average are those ngext to the bottom and 
sides of the drum,* as these portions Rave solidified fairly rapidly 
on packing ; the central portions which have solidified more slowly 
are less regular in their composition, as the impurities, qjiore especially 
chloride and sulphate, have time to*accumulate*in the fluid core. In 
samf)ling, pieces should therefore taken from as many different parts 

* * • • 

1 Loc. ciL^ p.i664* • • • 

“ Cf. also, Wej^acheider and Walter, Monalsh,^ I 9 < 55 > 26, 685 ; 1906, 13. 
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as possibli^., In the works the sampling is best done while the material 
is still liquid ; the most sajtisfactory procedure is to draw three samples 
from each pot as it is emptied, viz., from the top, the middle, and the 
botto*tn respectively^, and to pour these, one after the other, on to a plate 
and to take the middle portion pf the whole for analysis. The three 
lots can be readily sd-parated. a*S the surfaces of the layers of each 
sample solidify before the pouring of the next. 

The samples rcadi(v take up moisture and carbon dioxide, on the 
surface, shown by the formation of a . bright whitq^ crust even when 
preserved in well-stoppered bottles, this crust «^hould be removed by 
scraping before the sarriples gre weighed for analysis. 

According to Bockrl.ann, the sample should be roughly powaered 
as rapidly as possible, to .prevent absorption of moisture ; if single 
pieces be taken instead of the more homogeneous coarse powder, 
differences up to i per cent, may result with different portions of the 
same product. Such powdering is not, however, to be recommended, 
since some absorption of moisture and of carbon dioxide cannot be 
avoided and may give rise to errors appreciably exceeding i per ceht. 

The chemical analysis of caustic soda is generally confined to the 
determination of the total alkalinity and of the caqstic soda, or more 
correctly the available soda inclusive ol sodium silicate and sodium 
aluminate. Sodium chloride, sodium sulphate, and water may also be 
determined. Other impurities are only present in small amount and 
are consequently only determined in exceptional cases; the methods 
described under black ash and soda ash are then employed. 

Analysis of Caustic Soda. — Fifty g. of the sample, freed from 
crust by scraping, as described above, is dissolved in water, the 
solution made up to looo c.c., and portions of this solution with- 
drawn for the following tests. 

1. The Total Alkalinity is determined by titrating 50 c.c. of the 
solution ( = 2-5 g. cubstance) with normal acid, using methyl orange r.s 
indicator. The result is variously calculated according to the scale 
employed (see p, 552). In England the results ^re either expressed 
in percentage of “real Na.20” or in percentage of “ commercial NagO,” 
the latter figure being arrived at by midtiplying the percentage of 
r-:al NagO by 314 and dividing by 31. In Germany the alkalinity is 
expressed as a percentage of sodium carbonate, and in France in 
degrees Descroizille.s. 

2. The Sodium Hydroxide actually present may be determined in 
various ways. , The only other alkaline substance to be t?kcn into 
account is sodium carbonate ; the quantities of aluminate and silicate 
are extremely minute, except in the case of caustic bottoms (p. t;43}. 

Thp most exact method of determining the carbonate is to determine 
the cafbon dioxide evolved on treatment with a strong acid. This may 
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be done either gravimetrically by the Freseniiis-Classen method, or more 
rapidly and accurately by the method of Lunge and Marchlewski 
(p.6is), 

The method ciapending upon titration \yith phenolphtbaleirt and 
hydrochloric acid, after the addition of an excess bf barium chloride 
(p. 526), is almost equally exact. Tiiis methock gives the causWc soda 
directly. • ^ , 

In the United Alkali Co.’s laboratory*at *NewcastIe 40 g. of the • 
caustic soda is jDlaccd in ^ flask connected with a 'series of three 
absorbing bottles or tubes contaming a mixture of about 40 c.c. of 
10 per cent, barium chloride solution, and 40 c.c. of 10 per cent, sodium 
hydroxide solution filtered after mij^ure. Jlxccss o? dilute hydro- 
chloric acid is gradually added through a tap-4innel, and then the 
liquid Is boiled and a 'current of ajr, free from carbon dioxide, pa.ssed 
through till all carbon dioxfde has been expelled. The liquid from the 
absorbing vessels is quickly rinsc^l into ‘a 500 c.c. flask, made up to the 
mark, and well shaken. Two porti^ ns of 100 c.c. each arp titrated with 
acidj one turbid, the other aftef filtration ;*the difference between the 
two represents tTie carbonate present in the sample. 

For routine testing in the works the following method is to be 
recommended. It is not tjuKe so accurate as the above, but it has 
the advantage of rapidity and serves as a check on the total alkalinity 
(test i). Fifty c.c. of the solution, preferably cooled nearly to 0°, is 
titrated first with hydrochloric acid and phenolphthalein until the red 
coloration just disappears, which occurs when all the sodium hydroxide 
has been neutralised and the carbonate present has been converted to 
bica/bonate ; methyl orange is then added to the solution and the 
titration coutinued until the yellow colour changes to pink. If c.c. 
of acid are required for the first part of the titration, and additional 
c.c. for the second, 2 ;// corresponds to the Na.,C03 present and // — m to 
tile NaOH. 

3. The determination of Chloride, Sulphate, and other impurities is 
carried out as desc^-ibed under Soda Ash, p. 557. 

4. Water. Caustic soda may contain up to 30 per cent, of water 

when it reaches a brok<jr or analyst. This more especially the case 
when samples have been sent in badly sealed boxes, etc. • • 

In such instances the water cannot be accurately determined by 
direct heating in a^iorcelain crucible owing to unavgidable mechanical 
loss through small particles being carried away* by the es'eaping steam ; 
on th» oiher hand, if caustic soda be heated in a drying oven to 140" 
a gain in weight may very easily ®ccur, due t® absorption of carbon 
dioiJcide ; su^:h a gain almost invafiably occurs when the water content 
i? low. * • 

The moisture determination is therefore best nfiadc as cfescribed 
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under Salt fp. 506). About 5 g. of the .caustic soda is heated to 150® 
on the sand-bath for three or four hours in an Erlcnmeyer flask of the 
prescribed dimensions. The funnel must be kept in position the whole 
time (in this the method differs from that employed j,n the case of salt), 
to prevent absorption of carbon dioxide. The flask and funnel are 
placed bn a marble slab, after the ueating is completed, allowed to cool 
in the air, and finally weighed. . « 

Caustic Salts are analysfcd in the saijie way as caustic, soda; 

* ^ 11 f ^ 

Sodium Bjcarbonativ* 

Sodium bicarbonate,^ NaKCOa, contains 36 90 per cent. NagO, 52-38 
per cent. CO5, and 10-72 'per cent. H2O. In the pure condition, that is, 
when fully saturated with carbon dioxide, it reacts alkaline towards litmus, 
and, according to earlier accepted* views, neutral to phenolphthalein. 
Kiister^ states that in dilute .solution it reddens phenolphthalein in 
consequence of hydrolysis, and Siernens^ has found that such reddening 
is produced by even the purest bicarbonate. The solubility and other 
properties arc described in Tunge’s Sulphuric Acid andiAlkali? 

On exposure to the air the powder loses carbon dioxide, even at the 
ordinary temperature, and much more Rapidly at 'somewhat higher 
temperatures. The aqueous solution, in a similar manner, rapidly 
parts with some of its carbon dioxide and then contains appreciable 
quantities of the normal carbonate. 

Commercial bicarbonate is very seldom absolutely free from normal 
carbonate, but the quantity of this should only be very small. 
Bicarbonate should dissolve in water to a perfectly clear solution and 
chloride and sulphate should only be present in traces. Formerly 
bicarbonate was frequently found to contain sodium thiosulphate, due to 
its having been manufactured from Leblanc soda liquors by the Dcacon- 
Hurtcr process. Bicarbonate manufactured by the ammonia-soda 
process may contain a little ammonia as cartonate or chloride, but at 
the present time the high percentage (2-6 per cent, ammonium car- 
bonate) found by Lehmann^ is not likely to occur; a much smaller 
percentage than this would make itself evident by the odour. 

Bicarbonate of soda is very largely used 'In medicine and in bakeries, 
and it should the’-efore not contain metallic impurities in sufficient 
quantity to be detectable by sulphuretted hydrogen or by ammonium 
sulphide. The dctectio,’;! of small quantities of arsenic is carried out 
as described on p. 433. 

Qualitative' analysis of Sodium bicarbonate.— This is '‘directed 

o • 

^ Z.anorg. Chem.y 1896, 13, 127. , 

Fischer s Jahresber.^ 1897, 455. See also Tillmans and Heublein, Z. angeh. Chen,, 

24. 874. . 

3 Vol. n., p. 53. * * Chem. Ind., 1887, 10, 88, 
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in the first place to the'examination for chloride and sulpl»te, which 
impurities shoTild only be present in very small quantity ; this applies 
also to ammonia. Thiosulphate is detected* accorcHng to Mylius,^ by 
adding dilute sulphyric acid and zinc, and examining for sul^^hur^tted 
hydrogen by means of lead paper. * According to Musset,^ very small 
amounts of thiosulphate can be detected by the^grey cQloration»duc to 
mercuric sulphide, which is forrt^d wh^n 5 g. of the bicarbonate are 
ground with Q i g. of calomel and two drops of Vater. ‘ 

Thiocyanates are deleted, according to*UteschdV,^ by agitating 
a large quantity ot the bicarbonate; with water an(^ testing the solution 
with ferric chloride in hydrochloric acid solutio.n. 

Several methods for detecting the pi'csence p( the normal carbonate 
in bicarbonate are known. The methods depending upon the red- 
dening of phenolphthtileirf are, according" to Krister’s observations 
(c/. p. 568), inaccurate. The method usually employed is the reaction 
with merctiric chloride. A solutjon of Mercuric chloride in two parts 
of water is added to a solution of the bicarbonate in fifteen parts of 
watw, when a white cloudiness* which gradually becomes brown after 
several minutes* is produced. This method is, however, by no means 
reliable, and the sam^. may be said of all pther qualitative tests for the 
normal carbonate. The prt^scmcc of the normal carbonate can only be 
proved with certainty by a quantitative examination. 

The detection of normal carbonate by means of magnesium sulphate 
is absolutely untrustworthy. It is better, according to Leys,^ to 
employ a saturated solution of calcium sulphate which, in the presence 
of sodium carbonate, gives a precipitate of amorphous calcium carbonate, 
which is easily distinguishable from the crystalline calcium sulphate. 

Kubli"’ recommends the use of quinine hydrochloride, which is not 
precipitated by bicarbonate containing less than 2 per cent, of normal 
carbonate. , 

, * Quantitative analysis of Sodium bicarbonate consists in de- 
termining th« percentage of available alkali and of carbon dioxide. 
As a matter of fact^ the latter determination alone is sufficient. 

The indirect metfidd of determining total carbon dioxide by driving 
it off and noting the Jpss of weight in one^ of the known forms of 
apparatus, is not sufficiently exact. Trustworthy results carp only be 
obtained by determining the carbon dioxide^ directly, cither gravi- 
metrically by absolution with soda lime, etc., or gasjvolumetrically by 
the method of Lunge and Marchlewski as modified lly Lunge and 
Ritteiw j^p. 615). 

The method described on p. 53® may also Ije employed, but since 

^ ^ .iFisch/f' s Jahresher.^ 1886,282. ^ Z. angew. Cbem,^ 1890, 3, 31 T. 

* ^ Apoth,-ZeH.y i888*6ic« Chem, Cfnir,, 1898, I., 752. 

• Ibui., 1898, II., 4rf. • 
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this necesiiitates bringing the bicarbonate into solution, care must be 
taken to avoid loss of carbon dioxide during this operation. The 
determination is ca'rried out as follows : — 

5 © g.iiis weighed off in a small beaker^ and , dissolved in about 
100 c.c. of water %hich has been' previously thoroughly boiled and 
again coole'd to 15° t;) 20°. Sci?tition is effected in a large beaker 
of 900 to 1000 c.c. capacity, agitatior of the solution being avoided 
as far as possible; the o^peration may be assisted by cautiously 
breaking up any lumps of bicarbonyte that *‘emain on the bottom of 
the beaker with a glass rod, care, being taken not to stir up the 
solution at all violently. Unless these precautions be observed, 
loss of carbon dioxide may easily occur and the results obtcTIned 
will not be reliablg. The water employed should not be below 
15® nor above 20'' in temperature; in tlte former case, solution is 
difficult, and in the latter, loss of carbon dioxide is likely to result. 

Ten g. of pure sodium chloride is then added to the solution, 
which is cooled to nearly 0°, and titrated with N/i hydrochloric acid, 
using phenolphthalein as indicator, the titration being carried to the 
point where the red colour just vanishes { = a c.c. "acid). The jet 
of the burette should dip in^’o the solution. Methyl orange is next 
added, and the titration continued until Lhc colour changes to yellow 
( = /? c.c. acid). 2 a c.c. correspond to the alkali present as NaoCO.^, and 
b~-a to that present as NaHCO^ (c/. p. 530). 

Sundstrom’s method,^ which consists in adding sodium hydroxide to 
the bicarbonate solution until the latter has been converted into 
carbonate, this point being determined by the brown coloration pro- 
duced by spotting with silver nitrate, has been examined by Lunge ^ 
and found to be reliable. It is, however, less convenient than the 
method described above, and is in no way more accurate. 

Estimation of the total Carbon dioxide. This is a more reliable 
check than the above on the composition of bicarbonate ; the quantity 
should at least reach 50 per cent, (theoretically, 52-34 pci' cent.). The 
best plan is to determine the carbon dioxide piesent as bicarbonate 
directly. A simple, rapid and exact method for this determination has 
been described by Lung#^,^ which consists in heating the sample to a 
d^;finite lemperature and determining the carbon dioxide driven off ; 
the method is only apjjlicable to solid bicarbonate and not to solutions. 

The apparatus shown in ^ig. 206 is employed in carrying out the 
test. It is connected with a bulb-nitrometer (p. 81), or preferably, 
with a gas-volumeter (p. 83), or with any other suitable apparatus 
for measuring or weighing the carbon dioxide evolved. 

A glass tube, 65 mm. long and d mm. internal diameter, is fvsed 

’ PrivLte communication to Professor Lunge. - Z. angew. Chem.^ 1897, II, 169. 

‘ ^ Z, angew, Lhem,y 1897, II, 522, 
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at one end to a wider tube, provided with a tightly fittin§#ground-in 
=;topper, rt, and at the other end with a capillary tube, 6o mm. long. 

The stopper a is continued in the form of a* glass i^od, .30 mm. long, 
which, whilst not^groun^J into the tube, fits it fairly tighily. -•This 
leaves a free space, c, 35 mfn. long and 6 mm. diameter, which is 
separated from the capillary by meaAs of a sm^ll plug* of asboetos or 
glass-wool. This free space w^l holcf about 0-850 g. of powdered 
bicarbonate, a? quantity which„providcd the quality be good, will give * 
rather more tharj no c.c. ^olj carbon dioxide, measured at 0° and 
760 mm. This volume can be readily measured ^n the universal gas- 
volumeter, which is graduated frorn i to 30 c.c.ond from 100 to 140 c.c., 
the fntervening space being taken up* by the/ bulb. Should the free 
space in the decomposition tube bc^too small pr too large for the 
measuiing apparatus employed, it ipay be altered by making the glass 
rod h shorter or longer, as rfiay be necessary. 



Fig. 20(). 


The stopper extension b allows the space c to be well heated without 
risk of cracking the ground-in portion a, and so permits this part to be 
made perfectly tight by using a little vaseline or other grease. 

The heating is effected in the air-bath ^ which consists of an iron 
(?ruciblc bored in two corresponding positions on* opposite sides and 
covered with*a piece of asbestos card,/, through which the thermometer 
g is placed. A .sheqt^of asbestos card, //, is fixed over the capillary d \ 
this card extends below the flame used to heat the crucible c and thus 
protects the gas-volumeter/rom the heat; an interval of at least ten 
minutes must be allowed after each operation before the vT)lufine of gas 
collected is adjusted and read off. ^ * 

To carry out tlKi determination,* the^ tube is fir'it^ weighed empty, 
then filled with bicarbonate and agahi weighed.. Care must be taken 
that iToiv; of the bicarbonate remains in the portion ^fitted with the 
stopper ab ; any particles adhering to the walls iiiithis portion of the tube 
mifet be removed by a rubber-covered rod or other suitable contrivance 
before the stopj)cr, whk:h should be covered with a little vaseline, is 
inserted. The tube is then placed in the ^ir-bath, as shown in Fig. 206, 
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so that th<c whole of the bicarbonate gets heated, and the free end of 
the capillary ^ connected with the side capillary tube of the gas- 
volumeter. The i^all capillary space between these two tubes is 
evacu»ated. two or three times by lowering |he leyelling tube of the 
volumeter until a*‘vacuum exists in thd measuring tube, shutting off 
from the capillary andv expelling'uhe air from the measuring tube by 
raising the levelling tube. Three sucli evacuations may be carried ou^ 
in the space of a minute.' The levelling tube is then lowered and the air- 
bath heated by a flame of moderatoisiz^e ^o between 260° and 270°, an 
operation requiring ($n the average rbout seven minutes. The heating 
is continued for a further three minutes, after which the tap connecting 
the capillary with the measuring tube is closed, the apparatus allowed 
to stand for about t^n minutes tp attain the atmospheric temperature 
and the levelling and reduction tubes adju&ted 'in the usual manner to 
allow the volume of gas evolved to be r^ad off directly as dry gas 
corrected to o'’ and 760 mm. Since the gas is always collected moist 
in this determination the reduction^ tube must be set accordingly; the 
condensation of water is very small and exerts no influence on' the 
reading. The percentage of carbon dioxide may be calculated directly 
from the volume read off, since the free capillary space is so small 
that no appreciable quantity of air remain's after evacuating three times 
as described above. Lunge, however, recommends transferring the gas, 
after measurement, to an Orsat apparatus and proving that it is com- 
pletely absorbable by alkali hydroxide, which he finds is always the 
case. One c.c. dry COo at 0° and 760 mm. pressure weighs 19772 mg., 
and corresponds to 7*5493 mg. NaHCO^. To arrive at the actual 
percentage of bicarbonate in the sample examined, the figure 7*5493 is 
multiplied by the number of c.c. of gas liberated and divided by the 
weight of substance taken. If it be desired to determine also the 
amount of normal carbonate present, a second portion of the sample 
may be titrated with normal acid and methyl orange, or the total carbon 
dioxide liberated by decomposing with hydrochloric iicid may be 
determined (p. 615). In the latter case, twice -the. volume of carbon 
dioxide found in the bicarbonate estimation is deducted from the 
total carbon dioxide foufjd, and the remainder calculated to normal 
carbonate. 

The residue irt the ^decomposition tube used in the determination 
of the bicarbonate can be v'ashed out and titrated ; this saves a 
weighing, but it is scarcely as accurate as the titration of a separate 
portion, owing to the risk of losing some of the material. Thjs deter- 
mination of normal carbonate is, as a rule, unnecessary. 

Sodium Sesquicarbonat . — certain quantity of naturally 
occurring soda is brought on to the market, chieiiy from the Magahi 
deposits in Britii>h East Africa. It is intermediate' in composition 
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between carbonate and 'bicarbonate, and approximates to t^e formula 
Na^COg- 2NaHC03- sHgO. It is analysed by the sanae methods 
as are used for bicarbonate. • * 

The Examinm^on ot Commercial Liquid Carbon Dioxide 

The following particulars are takoh from a vpxy complete inyestiga- 
tion of the subject by Lange.^ In deter|nining the value of commercial 
liquefied carbonic acid, it is, as. 
a rule, sufficient to find out, o 
what proportion of gases not . 
absorbable by potassium hy- 
droxide solution is contained 
in the liquid. It is usually ^ 

unnecessary to deternfine the 
volume of air present in the 
gas space of the cylinder. This . 
and the determination of the .* 
carbon dioxide present in the • 
gas space need* only be done 
in very exact work^ when a 
series of samples other\Vise 
similar have to be examined. 

In determining 'the percentage 
of air in samples of the gas 
drawn from the cylinder, it 
will usually suffice to deter- 
mine the carbon dioxide in 
the gas spage before and after 
the taking of the sample. The 
percentage of air present in 
tii’e sample is then tak(in as 
the mean of the two deter- 
minations, provided -that the * 

carbon dioxide last examined 207. 

is not perfectly air-fre^. ^ 

Any suitable form of apparatus for gas analysis may be Employed 
for the determination of the contained air. L^nge ^akes use of the 
modified Winkler gas-burette showndn Big, 207. , ^ 

The tube A has a capacity of 100 c.c. and'*is narrow'ed at the top 
to a tube^of 5 c.c. capacity, graduated in connected at its 

lower end with the tube B by means of a piedc of ru?)ber tubing ; a 
run;ofif tap not provided. The bent tube e is connected by a length 
oP rubber tubing wfth .a glass tube, which dips into about 250 c.c. 

^ Chem. Ind.^ 1900, 23, 5S0 ; /. Soc. Ch^n. Ind.^ 1901, 122. * 
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of the solution contained in the bottle D, clamped to the stand. To 
charge the apparatus, potassium hydroxide solution of sp. gr. 1-297 is 
introduced into B in sufficient quantity to more than half fill the tubes 
B aPid A ; the stopper carrying the bent tube ^ and the attached 
rubber tubing is then fixed in position in B, and the alkali solution 
driven <out of the tube A, by blotdng through a rubber tube attached 
above the tap till its level' is at fhe tap which is then closf;d. 
There is now continuous liquid from a to the bottle D,, which is now 
fixed at such a height on the stand that ou opening a no alteration 
of level occurs. Thp liquid will no.w fall automatically to a whenever 
b is opened, so that successive analyses can be rapidly performed. 

The examination of|, the carbon dioxide is carried out as follows. 
An adapting piece is screwed, using some luting material, into the 
outlet pipe of the cylinder, which is placed in a- vertical position^ and a 
piece of rubber tubing attached to the adapter. The cylinder valve is 
then opened and carefully regulated, sp as to give a steady and not too 
rapid current of the gas, and the rubber tube is connected with the tap 
a, which is turned so that die gas enters the tube A, driving out the 
contained air through the tap b. After a minute the' tube A will be 
filled with the gas ; the operation may, however, be continued until 
needle-shaped crystals of potassium bicarbonate are formed in the 
upper narrow portion of A. The tap b is then closed, and after the gas 
in A has been brought to atmospheric pressure by removing the rubber 
tubing, the tap a is turned through 90' to bring A and B into communica- 
tion. The potassium hydroxide solution immediately rises in A ; the 
absorption may be hastened by gradually turning A into a nearly 
horizontal position. Towards the end of the absorption the tube is 
tilted to and fro and then clamped. The bottle D is then raised 
until the levels of the liquid in A and D are the same, and the volume 
of the gas read. When many determinations have to be made, the 
adjustment with D may be dispensed with ai\d the volume read directly 
by the aid of a suitable correction table. The difference, between two 
successive tests should not exceed 005 per pent, by volume. The 
upper part of the tube being graduated in Jy c.c., it is possible to 
approximate to c.c. in the readings, and so obtain very accurate 
results. 

To draw a sample from the liquid contents of the cylinder, it should 
be laid on its side, on a suitabje support, .so that the outlet tube of the 
valve points upwards. -'As a rule, it will be found possible to obtain a 
satisfactory and not too violent current of gas by slowly and cautiously 
opening the vaivc ; small particles pf solid carbonic acid will always be 
found to issue with the gas. In .some cases the setting of the valve 
is very troublesome and the current of gas is so violent ana intdr- 
mittent* that a very slight turning of the valve may cause the rubber 
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tubing to burst. When this is the case a reducing vabje may be 
inserted afid the gas allowed to issue for some considerable time to 
replace the air in the reducing valve comJ)letely ’before the sample 
is taken. ^ ^ , 

The methods lor the exaofii nation of liquid carbon dioxide have 
been more recently investigated by' Thiele aqd Deckcrt,^ wh/D have 
pqinted out the importance of dej:erminihg the gases other than carbon 
dioxide,, and , the difficulty of doing so ,if Jhe carbbn dioxide is ’• 
determined by a gas-volu^netric p;'ocess, owin^to the Small volume of 
the residue. They accordingly recommend a 'fnysthod in which the 
carbon dioxide is absorbed over potassium hydroxide in a special 
measuring tube, fitted into a flask", which'^is weighed before and after 
the absorption. A considerable volume of the unabsorbed gases is 
thus ol:.tained, which is 'transferred to a gas-volumeter for measurement 
and subsequently analysed- if desired ; the increase in weight of the 
flask gives'the content of carbon dioxide. 
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By J. T. Dunn, D.S^l, F.I.C., Consulting Chemist, ^Nevvcastle-on-Tyne, 

r and the'iate Professor G. Lunge. w 

, s 

‘MATERIALS . 

The raw materials employed in the Weldon process and for the 
preparation of chlorine on a small scale, are hydrochloric acid, the 
examination of which has already^' been described (p. 514), and native 
manganese peroxide ; the latter is necessary in the W.eldon process to 
make good the loss of manganese that occurs in the operations 
involved. In the Deacon process hydrocljloric ' acid is the only raw 
material ; in the various electrolytic processes the raw material is 
either sodium chloride or potassium chloride. 

In the Weldon process for regenerating the manganese dioxide, 
lime, or milk of lime, is required. The lime employed is very fre- 
quently prepared by burning limestone in the works where it is used. 
Certain special properties are essential in lime intended for this 
purpose. Slaked lime is also required in the manufacture of bleaching 
powder and milk of lime in the manufacture of potassium chlorate. 
The method of examining the potassium chloride employed in the latter 
industry is given in the section on “Potassium Salts” (Vol. II.) This 
section is restricted to the methods employed for the examination 'of 
manganese ore, quick lime, slaked lime and milk of lime. 

I. Manganese Ore 

« Native rtianganesc ore consists of manganese dioxide admixed with 
larger or smaller quan,^ities of impurities. A description of the various 
minerals in which it is preserft, the localities in which they occur, etc., 
will be found'in Lunge’s SulpJniric Acid and Alkali} 

The technical examination of manganese ore intended (or' use in 
Weldon stills, is confned to the determination of moisture, active 
oxygen, carbon dioxide, and the quantity of hydrochloric arid necessary 
for decomposition. ^ 

* ^ Vol, iii,, p. 339. 

476 
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1. Moistur^. — According to R. Fresenius, manganese orc;^nly parts 

with the whole of its hygroscopic moisture at 120" ; at higher tempera- 
tures a portion of the combined water is also*drivcn*off. The method 
of drying recommejided J)y Fresenius based pn this considcrati(5h is, 
however, not followed in works, ‘the practice being to clry the ore at 100® 
in the following manner. ^ ^ # 

^ ‘A fair quantity of the very fti^'ely ground ore is weighed off, and 
spread out in a thin layer on a large watch-glass* and heated directly on 
a briskly boiling jvater-bath^ .nrt too" in a *drying-ovcn, until the 
weight is constant. Drying shoiild*be complete after four hours; if it 
be continued for six hours, it is safe^to assiyuc that constant weight has 
been Attained. * g * ^ 

2. Active Oxygen is always expre^ed a.; perc^^ntage by weight of 
manganese dioxide. Tfiis iitcludes aJl oxygen combined to form oxides 
higher than manganous oxide, MnO ; or in other words, all oxygen 
capable of reacting with hydrochloric acid to liberate chtorinc. One 
part active oxygen = 5-433 parts Mn02. 

(X the many methods of determination which have been proposed, 
only a few arc actually employed. A method formerly much used is 
that of Berthicr ajid •Thompson, as modified by Fresenius and Will, 
which depends on the oxidafioti of oxalic acid. 

The ore is waj'ined with strong sulphuric acid and oxalic acid, the 
carbon dioxide liberated thoroughly dried before leaving the apparatus, 
and the loss of weight determined. There are many sources of error, 
only partly overcome by the proposal to weigh the carbon dioxide 
directly by absorbing it with soda lime. 

Bptter results are obtained by applying the reaction volumetrically, 
by starting, for example, with a known weight of oxalic acid and 
titrating hack the excess with permanganate solution ; this modification ^ 
has not, however, found any extended application in works practice. 

• The same may be said €)f Bunsen’s method, which*consists in boiling 
the ore with sti-ong hydrochloric acid, absorbing the evolved chlorine in 
potassium iodide soUiJmn, and titrating^the liberated iodine with sodium 
thiosulphate. This method is but seldom employed, notwithstanding 
the fact that the laboiv* involved has been ^greatly reduced by the 
introduction of convenient apparatus.’ ' * 

The method most generally adopted is y-ie ferrous sulphate 
method of Levol and.Poggiale. Carried »ut in the following manner 
described by Lunge, the process is looked upon ^s a standard method 
in the kec^vy chemical trade, as it is convenient and exjet, and gives 
concordant results in the hands of different analysts. 

Lunge, Sulphuric Ac^J and Alkah^ vol. iii., p. 344, 

2 Cf, Lunge, Sulphuiu. And ahd ^ //«//, vol. in., p. 346, and Farsoc, /. anal. 1907, 

46, 308. • 
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i-o866‘,g. of the very finely ground ore thoroughl;^ dried at lOO® 
is treated in a round-bottomed flask fitted with a Bunsen valve, or 
still better with a Contat bulb (Fig. 20, p. 63), with 75 c.c. of acid ferrous 
sulphate ' solution which is added from a nipettc in three portions 
of 25 c.c. at a time. The ferrous sulphate solution is prepared by 
dissolving 100 g. of pure ferrous sulphate and 100 c.c. of pure con- 
centrated sulphuric acid in i litre of water ; it should be standardiced 
daily when in use witl) N ^2 permanganate solution, using the 25 c.c. 
pipette employed in the tests. After the addition of the ferrous 
sulphate solution, the flask is heated until the whole of the manganese 
dioxide has gone into ^solution anej, the insoluble residue is no longer 
dark coloured. Wher the flask and contents are quite colu the 
solution is diluted with from j.oo to 200 c.c. of water, and titrated 
with permanganate until the faint rose-tint ceases to disappear 
instantaneously on stirring the solution, aiid remains permanent for at 
least half a’ minute ; subsequent decoloration may be disregarded. 
The quantity of permanganate solution required is deducted from that 
corresponding to the 75 c.e. of ferrous sulphate solution ; each i c.c. of 
the remainder corresponds to 0-02173 g. MnO.,, or for the weight of 
ore taken above, to 2 per cent. MnO.,. 

Another method, characterised by extreme rapidity, and which is 
very useful as a check on the above, is Lunge’s ^ gas-volurnctric method, 
based on the interaction of peroxide of hydrog^ui and manganese 
dioxide according to the equation : — 

MnO,, + H ,0, -f H.SOj = MnSOj I- 211,0 + 0,,. 

The value of the peroxide is determined by the volume of oj^ygen 
evolved, which, as will be seen from the above equation, is f^qual to twice 
the quantity of “active oxygen” present in the manganese dioxide, the 
hydrogen peroxide being of course present in excess. Each i c.c. of 
oxygen evolved at 0° and 760 mm. corresponds to 0 003882 g. MnOg. 
If 0-1941 g. of the manganese ore be taken for analysis, each i c.c. of 
oxygen evolved = 2 per cent. MnO.,; and if 0-3882 g. ore be taken, each 
I c.c. of oxygen = I per cent. MnO^. The former quantity is suitable 
for small nitrometers, the latter for the larger apparatus. 

The operation is carried out in the nitrometer with the auxiliary 
flask as described on p. 82, the volume of gas obtained being reduced 
to the volume cf dry gas at o'" and 760 mm. It iu, however, more con- 
venient to employ the “Gas-volumeter” (p. 83), whereby the corrected 
volume is obtained without calculation. ■» 

The following poii.ts should be observed when carrying out this test. 
The ore must be ground until extremely fine, so as to allow of complete 

* 1885, 18, 1872 ; /. Chem.y 1890, 3, 8 and 75 ; cf. als% Lunge, Sulphuric Acid 

and Alkali^ vol. iii., p. 349. 
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decompositioi\; and the quantity weighed off must be placed«fn the outer 
compartment of the decomposition flask, care^being t^ken that none gets 
into the inner compartment. A few c.c. of dilute sulphuric acid is first 
added to decompo^fc an3i carbonate^ present in the sample. TlycTrogen 
peroxide is then placed in th^ inner compartment, an excess over the 
amount necessary to decompose th^ oj;c being used, ‘and th(? bottle 
j;ightly closed by the rubber stopf)er connected with thc.nitrometcr tap. ^ 
The pressure is equalised by ^opening the*tap^to the, air, so that the 
mercury comes tq the zcto ,[j(*int*()f the nitrometer. In placing the 
stopper in the decomposition flask, •and also in the* subsequent shaking, 
the flask should be held by the nei:k onl);, so Us to avojd warming by 
the Rand as far as possible : a more satisfactory plan is «to allow the 
bottle to stand for at least ten minute* in \vater, the room tempera- 
ture, both before and after the dec® m position. After the mercury has 
been brought to the zero mark the flask is tilted, so that the hydrogen 
peroxide flows from the inner compartment on to the ore, and the 
bottle is then shaken. Shaking should only be continued for two 
minfites (since aj'ter this period there is a tisk of the insoluble matter 
acting upon the hydrogen peroxide and causing evolution of oxygen), 
even in cases whcfe decomjDOsition is ind^mplete owing to insufficient 
grinding. Incomplete decom'position is evidenced by the presence of 
dark material ii^the otherwise light coloured residue of silicate; longer 
agitation does not ;iid the reaction, but only promotes the decomposition 
of the peroxide. The level of the mercury should be adjusted and the 
volume of gas read as soon as the initial temperature has been attained. 

The evolved gas may be regarded as fully saturated with aqueous 
vapgur, and the reduction should be made by the aid of the “ moist 
reduction t«be ” (p. 85) ; should the apparatus be provided with a 
“ dry reduction tube,” the correction must be carried out as described 
on p. 85. • 

• A. Baumann^ employs*an azotometer for the detomposition (p. 75), 
and to avoid*calculating the gas volume to and 760 rnni., weighs 
off a quantity of ore .Corresponding td the temperature and barontetric 
pressure ; this is facilitated by means of a table giving the quantity to 
be weighed off under varying conditions. *rhc use of suclj a table 
does not allow of any variation in temperature between the time of 
weighing off the ore and the time of making #he analysis, and since 
a difference of T' C? mean^s a rise of falfof per the result 

this point is of considerable importance.- 

A. 41 atfjmann ^ has also devised a volumetric methooi based on the 
same reaction. The manganese o^rd is allowed \o react with an excess 
of Uydrogeii* peroxide, previously standardised by permanganate solu- 

1 Z. ausetv. Hhern., 1890, 3, 78. • “ Cf, Lunge, M,, 136. t 

^ Ibid.^ 72. 
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tion, and the excess of peroxide is titrated back. The hydrogen per- 
oxide solution eniployed is prepared by diluting the commercial 
peroxide with dilute sulphuric acid (i : lo) until the mixture will 
decompose approximately its own volume of penv^anganate solution. 
For the analysis 0-4 to i-o g. of the very finely ground manganese ore is 
weighed' off, and treated' in a ta,ll leaker or in a flask with exactly 50 c.c. 
of the hydrogen peroxide solution. ^ The mixture is shaken at frequent, 
intervals during half an hour, after which time any imdecOm posed 
hydrogen peroxide is thrated with permanganate solution. 

MacLachlan ^ is tbf opinion that the determination of the active 
oxygen in hydrogen ‘'peroxide by means of an acid solution of 
potassium permanganate is altogether unreliable. Lunge maintains 
that this view only applies to the volumetric determination, and 
accordingly Baumann’s method is to be regarded as inexadi until 
further investigation proves the contrary. Lunge has fully confirmed 
the accuracy of the gas-volumetric method by a large number of tests. 

For a critical di.scussion of the^ methods of determining available 
oxygen, see O. L. Barnebey,- 

3. Carbon dioxide — This determination is important, since carbon 
dioxide constitutes a very harmful impurity in chlorine intended for the 
manufacture of bleaching powder. Trace'^ of carbonate may be detected 
by .stirring the powdered ore on a watch-glass with water until all 
adhering air-bubbles have been removed, then adding a little dilute 
hydrochloric acid, and viewing the surface of the solution from the side. 
The liberated carbon dioxide comes off in the form of small, briskly 
evolved gas-bubbles, and cannot possibly be confused with air. The 
quantitative determination may either be carried out gravimetrically by 
liberating the carbon dioxide with dilute sulphuric or nitric acid, and 
absorbing in soda lime, or still better and more rapidly, by the gas- 
volumetric method de.scribed on p. 615. A good ore should not evolve 
more than i per ce*it. of carbon dioxide. '■ 

4. The Hydrochloric acid necessary for decomposition. — One g. of 
the ore is dissolved in 10 c.c, of strong works atid -of known strength, 
the operation being carried out in a flask provided with a reflux con- 
denser, and solution assisted by heating. ^Thot solution is then allowed 
to cool and normal sodium hydroxide added until the separated reddish- 
brown, flocculent preePpitate of ferric hydroxide no longer dissolves on 
shaking. The '.ivimber of c.c. oV the acid used for decomposition, 
equivalent to the volume of sodium hydroxide solution required, is 
calculated, and the figure thus obtained deducted from lO, the number 
of the c.c. of acid taken in the first instance. 

> Chem. Soc. Proc., 1903, I9, 216. 

J. Iv'L Eng. ChetK.^ 1917, 9, 961. Cf. O. L. Barnebey and G. M. Bishop,/. Amer. Chem. 
Soc.^ 1917, 39, 1235 ; Barntbcy and W. C. Hawes, tbui., 607. 
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II. Limestone 

A description of the characteristics of the most suitc^ble limestone 
for the manufacture of bleaching powder is given in Lungc’.^ Sulphuric 
Acid and Alkali^ Th^ propertied required’ in lirjie intended for the 
Weldon process are somewhat simiLy; much depends, in bolhj:ases on 
ttie absence of magnesia. The Jechnicftl examination is carried out as 
follows • — ^ • 

1. Insoluble matter. VOne ^ of the lif^estone* is treated with 

hydrochloric acid*, and the ftisolu^le residue thorpughly washed, dried, 
and ignited. Should appreciable quantities of organic matter be present, 
the ♦nsolublc matter is first weighecl oi>a fared filter paper, after drying 
at 100°, and then ignited ; the difference between the two weighings 
gives ^he organic matter. • * 

2. Lime. — One g. of the, limestone is dissolved in 25 c.c. of normal 
hydrochloric acid and the exces^s of a(?id determined by#titration with 
normal sodium hydroxide solution. The number of c.c. reciuired is 
ded*icted from 25 ; the remainckir multiplied by 2-803 gives the percent- 
age content of €aO, or multiplied by 5-003, the percentage content of 
CaCOy. This metho/l of calculating thc^rc.sult gives any MgO present 
in terms of CaO,f3ut this is quite pcrmi.ssible in limestones intended for 
use in alkali and bleaching powder works, since they should contain 
only very little *ma^nesiuin oxide. 

For the same reason, it is ec[ually permi.ssiblc to calculate the lime 
content from a determination of the carbon dioxide. 

Should 1-he limestone contain appreciable quantities of scsquioxicles, 
these must first be removed by precipitation with ammonia (free from 
carbonate),, and the calcium then precipitated as oxalate. In exact 
work the precipitates should be dissolved and reprecipitated {cf\ p. 510). 
According to Passon,- this separation m^y be obviated by adding 
yhenolphthalein to the agd solution of the limestoi^e, and then sufficient 
ammonia to •produce a distinct red coloratioai after precipitation is 
complete. A 10 p^r^ent. solution o£ citric acid is then added untjl the 
colour disappears and the precipitate goes into solution, after which a 
further 10 c.c. of citric^ acid solution is addgd, the whole diluted with 
water, and the calcium precipitated by the addition of ammonium 
oxalate to the boiling solution. Iron, aluminiunf, magnesium, and 
phosphoric acid do jiot interfere wIk^ii tliis method ^of precipitation is 
adopted. * • • 

3. Magnesia is, as a rule, only determined in limestone intended 
for use in the manganese recovery process, or, in the ^manufacture of 
bleaching powder. Two g. of tliti sample is dissolved in hydrcchlcric 
a8id, the calcium precipitated by the addition of ammonia and 

^ Vol. ni., p. 603. “ Z.%tgew. Chem.y ^98, II, 776.* 
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ammoniuiT) oxalate, and the magnesium deterfnined in the filtrate by 
prccipitatioii with sodium phosphate {cf. p. 51 1). ^ 

4. Iron is usually only determined in limestone intended for the 
manujfacti^re of bleaching powder. Two g. is dissolved in hydrochloric 
acid, the solution /'educed by metallic :jinc, dilutea, and titrated with 
permanganate after the addition ^f manganese sulphate solution free 
from iron {cf. p. 452); or the' soluti(^n may be reduced by stannops 
chloride, and the titrati'jn ^arrWrout with bichromate solution, after 
removing excess stanno-'is chloride b]^ means of mercuric chloride. 

5. Carbon dioxide' is very frcquently^’cletermincd by loss. Very 

many forms of apparatus for this purpose are in use.^ The most rapid 
and accurate method is the g'as-voliifnctric method described on p.'6i5. 
If 0*4497 g. of the sample' be taken, each i c.c. of gas obtained, measured 
at o'" and 760 mm., corresponds to i per cent. CaCO.^. ^ 

' III. Lime 

4. Quick Lime 

1. Free Lime.— One hundred g. of the average sample is weighed 
off, carefully slaked, and the resulting cream transfeircd to a 500 c.c. 
flask, which is then filled to the mark. One hundred c.c. of the 
thoroughly shaken contents is then drawn off with a pipette and diluted 
to 500 c.c. in a second flask, and 25 c.c. ( = i g* quick" lime) of the latter 
well-mixed solution taken for analysi.s. A small quantity of an alcoholic 
solution of phenolphthalcin is first added and the solution then titrated 
with normal hydrochloric acid until the red coloration disappears. The 
colour change takes place when all the free CaO has been neutralised 
and before the CaCO^ has been attacked. F>ach i c.c. of normal acid = 
0*02804 g. CaO. The titration must be effected gradually, and with 
thorough mixing, otherwi.se accurate results cannot be obtained. 
The rapidity of the reaction is increased, and the clearness of the 
end-point improved, by adding 25 c.c. of a ten per cent, solution of 
barium chloride before beginning the titration. 

Maynard * determines free caustic lime in admixture with other sub- 
stances by extracting with pure glycerine at’ a temnerature of 40°. 
I’^lie extraction i'' continued for five days in a thermostat, and the 
mixture frc(|ucntl^ shaiven. The whole is finally filtered at 60" and the 
lime determincdMn an aliquot part of the filtrate. 

2. Carbon dioxide. — The CaO and CaC03 are titrated together by 
dissolving the lime in a measured volume of normal hydrochForic acid, 

^ Cf. Clowes and Coleman, Quavlilahve Analysts., Ilth edition, 1918, p. C 39 ; Treadwell, 
Analytical Chnmsi>y, vol li , p. 375. 

2 BufSoc. Chtm., P902 [3], 27, 83. ; Chem. News, 1903, 87, 109. 
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and titrating back the excess of acid with normal sodium^hydroxide 
solution. The Ca^COg present can then be calculated by deVlucting the 
value found for the CaO under test i. In vc?ry exa«t work the carbon 
dioxide should be (determined directly as described on p. 615 ^ « 

• • . ‘ . 

7). Slaked Lime ^ ^ 

• * I. Water. — About i g. of Ae substance ^is weighed off from a 
stoppered we*ighing bottle, anti gradually* heated to ^ red heat in a 
platinum cruciblei; it is 1 ;hfin* allowed to cool in the desiccator and 
weighed. The loss in weight = wafer + carbonic ac!d. 

2^ Carbon dioxide is determined as described above ^A, No. 2 ). 

3. Content of milk of Lime in caustic Lime. — Blatiyicr's specific 
gravity method. In the case of a t»iiin nilk, Mie reading must be 
made quickly, and before tjie lime has time to settle out. In thicker 
milks, the, hydrometer is placed geptly in the solution, and the 
containing cylinder slowly rotated, so as to cause gentle shaking, until 
the hydrometer ceases to sink^in the liquor. The cylinder employed 
should not be Joo narrow. The following table, reduced from that 
given by Blattncr,^ gives the relationship between Hme content and 
specific gravity at«T 5 * , 
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CONTROL OF WORKING CONDITIONS 
1. MANUEACTURE CkF ClILORINE*r»V Ml^ANS NATIVE 

Manganese Ore 

In this process analysis is confined to th(^ deternfination of the 
fre^acid in^he manganese liquor^ coming from the chlorine stills, by 
sifhple titration with^noyiifal sodium hydroxide solution, the end-point 
• 1 /., 1883, 250, 464. • • 
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being decided by the appearance of a permanent, flocculent precipitate 
of ferric hydroxide. The residual acid in a well-finished' liquor may be 
less than 5 per cent, in cases where the stills are heated indirectly; as 
a rule, thf free acid rises to 6 per cent, and over,, especially when the 
heating is done with open steam. " 

<• s 

II. The Wkld6n Process 

The finished liquorsaare examined in the following manner according 
to Lunge’s modificatjio'ii of Weldon’s method. 

The liquors from the stills arc tested for free acid as described 
above; with recovered manganese, such free acid should not exceed i 
per cent. (Occasionally tnc liquors arc also analysed for their manganese 
content, the method described utider Weldcn imid being employed (cf. 
tfi/ra). 

The neutralised and settled liquors are tested for neutrality by 
means of litmus, and the degree of freedom from suspended matter 
judged by appearance; the percentage of calcium chloride present is 
determined by precipitation with oxalic acid in acetic acid solution. 

The precipitated mud should further be repeatedly tested during 
oxidation, as a check on the blowing operation. The’ method of testing 
the mud is described bclow.^ 

The calcium chloride liquors which flow away from the settled mud 
are examined for freedom from mud carried forward mechanically. 

The mud obtained from the settling-tanks or filter-presses mu.st be 
examined for both soluble and insoluble manganese. 

Hydrochloric acid used in the Weldon process should be as free as 
possible from sulphuric acid. 

The Excininaiion of Weldon Mud. 

I. Manganese Dioxide. — P'or this determination the ..standard add 
.solution of ferrous sulphate is required, the preparation of which was 
described on p. 578. The ferrous sulphate solution gradually changes 
in value, and must therefore be checked from day to day. 

The mud must be thoroughly shaken 'before testing (mere stirring 
is not sufficient) and 10 c.c. drawn off with a pipette before any 
settling has occurred. ''The outside of the pipette is freed from mud 
by washing, a:id*thc lO- c.c. of mud allowed to flow into 25 c.c. of the 
ferrous sulphate solution contained in a beaker, any particles adhering 
to the inner wsdls of the pipette being washed into the beaker by the 
aid of a wash-bottle. The mixture is then shaken until all the mud has 
dissolved, 100 c.c. of water added, and the solution titrated with *JV72 
^ Of, Lunge, SuIpK ttic Aad and Alkali^ vol. iii., p. 4^0. 
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permanganate. If the 25 c.c. of acid ferrous sulphate solutijui required 
.r c.c. of permanganate, and the 10 c.c. of the mud and ferr6us sulphate 
y c.c. of permanganate, then 2-173 gives the number of grams of 

MnOg present in^i litre of the mud, and 2- 1 73(.t'-j^) X 9-0634 the 
number of poundfi per (•ubic /oot. * ’ > 

2. Total Manganese. — Ten c.c. ^ the mud is measured off^ observ- 
ing the precautions described unejer tester, and boiled with strong hydro- 

*chloric acid lyitil chlorine ceases to ne evol;^^cd.* The e^cccss of acid is^* 
then neutralised by addit^n of pojvdered marbki or precipitated calcium 
carbonate, a strdng filtered* solution of bleaching powder added, the 
whole boiled for a few minutes until the colour j^ecomes deep red, taking 
caro that the mixture still smells of bkadhing powder, when alcohol is 
added drop by drop until the red colour is dcs^royed. The whole of the 
mangrjnese is then present «as peroxide, whiHi is Altered off and washed. 
The filtrate should be tested for /rcedom from manganese by adding 
bleaching* powder solution, when no brown coloration ^should result. 
Washing is continued until the washings cease to give a reaction with 
iodked starch paper. The filter paper anc^ precipitate are then added 
to 25 c.c. of standard ferrous sulphate solution, and dissolved by 
stirring as above. .Should any of the manganese dioxide remain 
undissolved, a further 25 c.c.*of the ferrous sulphate solution is added. 
The solution is diluted with 100 c.c. of water, and titrated with per- 
manganate, the* results being calculated as under test i, and expressed 
as MnO.^ per litre or per cubic foot. 

3. The “Base,” that is, the monoxides in the mud which neutralise 
hydrochloric acid but do not liberate chlorine, may contain lime, 
magnesia, ferrous oxide, and manganous oxide, and is expressed as 
the* ratio of the number of molecules of these monoxides present to 
I molecule of manganese dioxide. 

Ten c.c, of the well-shaken mud is add^d from a pipette to 25 c.c. 
^dr 50 c.c. in the case of a^very high base) of normal^ oxalic acid solution 
(63 g. cryst.# oxalic acid per litre), previously diluted to about 100 
c.c. and warmed to. a temperature. of 60“ to 80°, and the mixture 
well stirred until the ‘precipitate ceases to appear yellow and becomes 
pure white. This should not take long at ^he temperature specified. 
The solution is diluted t5 202 c.c. (2 c.c. representing thpe volume 
occupied by the precipitate) in a suitably marlfed 200 c.c. flask, 
filtered through a ^ry pleated filter papier, and 100 c.c. titrated with 
normal sodium hydroxide solution. Tincture of litmtis or phenol- 
phthalein must be used as the indicator. The oxalic acid taken up 
by the mud serves (i) to reduce the MnOo toJVInO wTth liberation of 
carbon dioxide ; (2) to combine*with and neutralise the manganous 
c^fde '^o formed ; (3*) tq Saturate the monoxides, including manganous 
oxide originall)^ present, that is, the “ base.” The quantities taken up 
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under i cyicl 2 arc equjil, and the two together have the same 
numerical v*alue as the MnO^ as determined in test i,*and so equal 
since the oxalic acid psolution is normal, whilst the permanganate 
solutipn is only semi-normal. If c.c. of normal sodium hydroxide 
is used in titratii;yg back the ex-:ess of oxalic aeid, 25 — 2.cr c.c. of 
acid has been used altogether, ^and of this x~j' has been used by 
the manganese dioxide so that' the substances under 3 correspond to 
25 C.C. less .r -j' and therefore ‘this value 2 a = 2 $--(x-{- 2 ,::)-{- r. The 

“base,” then, is the raUb between zc^mikI (the sodium hydroxide 

solution being normal and the permanganate semi-normal) ; or 

Whet? 21; c.c. oxrlic acid solution is used, it becomes: — 
x-y . j - 

5 o- 2 .r-Vc: 4 - 2 > ^ / 5 o- 4 ^Y _2 
X~v \ x—f / 

or, when 50 c.c. oxalic acid is taken, = 


III. Till-: Deacon Proces.s 

In this process the ratio between hydrochloric acid gas and air must 
be determined both in the gases leaving the saltcake pot, and also in 
the gases leaving the Deacon decomposer. 

In the gases from the .saltcake pot it suffices to determine the 
volume percentage of hydrochloric acid gas present, as the residual 
gas is essentially air. This is effected by aspirating the gases through 
a measured volume of sodium hydroxide solution of known strength, 
coloured with litmus or with methyl orange until the indicator changes 
colour; the volume of non-absorbed gas (air) is ascertained by measur- 
ing the water which has run from the aspirator. Since the ratio of the 
volume of hydrochloric acid gas to the sodium hydroxide solution use^ 
is constant, and the volume of the air is given by the water collected, 
the ratio between the acid and the air is easily calculated. The principle 
of the method and the apparatus employed are the same as those 
described'Under Lunge’s modification of Reach’s method for the analysis 
of kiln gases (p. 308). 

The gases leaving 'ihe decompo.ser are tested, as a rule, for free 
chlorine and for unchanged hydrochloric acid, and occasionally also for 
water vapour and for carbon dioxide. 

I. Ratio between the free Chlorine and the unchanged Hydro- 
chloric Acid Gas {Decomposition vrlue). Simple absorption of the 
gases in sodium hydroxide solution followed *by titration for aVaila'Wc 
and total chlorine is not applicable in this case, since^ it is impossible 
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to avoid the formation of- chlorate.^ This difficulty has bec^ overcome 
by the following method, devised in the works of Messrs Gaskell, 
Deacon, & Co. » > 

Five litres of the gas leaving the decomposer is aspirated through 
250 c.c. of sodium »fiydro>:idc jolutiim of sp. gr. 1075, divide (5 between 
two or three bottles, to absorb both the hydrochloric acid gas and the 
cl]lorine. The apparatus should be lixud as nefir to the decomposer as 
^possible, and the time during which the gas ^sample '>s taken should ^ 
correspond with the period of* working a cha;‘ge through the saltcake 
pot. The contends of the savdVal absorption bottlp are united, diluted 
to 500 C.C., and tested as follows : — 

V One hundred c.c. of the solution Js ‘heated to boiling with 25 c.c. 
of the acid ferrous sulphate solution, prepa/ed and standardised as 
described on p. 578. iVhe^i cold, thd contents of the flask are diluted 
with 200 c.c. of water, and titrated with Nj 2 permanganate solution. 
Let 7 represent the number of c.c. so .required and x the number of 
c.c. of permanganate ficcessary to oxidise the 25 c.c. of ferrous sulphate 
solution. . 

2. A small v«)lume of sulphur dioxide solution is added to lO c.c, of the 
above alkaline solution and the mixture acidified with dilute sulphuric 
acid, so that ther^ is a distiiK^t smell of sulphur dioxide. The acidified 
solution is heated to boiling, allowed to cool, a few drops of perman- 
ganate solution^dded, if necessary, to oxidise any remaining sulphurous 
acid, after which tlie solution is neutralised with pure sodium carbonate, 
diluted with water and titrated with Njio silver nitrate solution, employ- 
ing neutral potassium chromate as indicator. Let -c* stand for the 
number of c.c. silver nitrate solution required. The percentage decom- 
posftion of the hydrochloric acid gas is then given by the expression 




and the volume of air per i volume HCI by 


45’*^ “h “ s 


Should some other volume of gas, ;/,be aspirated instead of the 5 litres, 

• f 1 1 1-641;/ . , , 

the constant 45-0 must be altered to , assuming that the 

. •50x0-003645 

remaining operations’are carried out exactly as above, and that i litre 
MCI at o’ and 760 mm.,pre.ssurc weighs 1-64^ gram. 

Younger ’ passes the gas through a .solution of arsenious-'acid and 


employs an aspirator which gives the weight of chlorhie in unit volume 
of the gases directly. The percentage of.hydroc 1 ilorig ^icid in the gas is 
determined by titrating th^ resulting solution with silver hiitratc. The 


absorjitiqii is effected in a cylinder containing 100 c.c. of an aqueous 
solution of arsenious acid, each i c^. of which £;orresponds to 0-15432 


grf^ns ( = o,i£)i g. chlorine). The enlarged cylinder is connected with the 

* ' Cf. C. '^inWer, Imiusti ie-(,ast\ vol. ii., p. 318. 

JfSoc. Chem. hid., 1889, 8, 88. “ * 
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bottle B (Fig. 208), containing about i g. potassium iodide dissolved in 
water; the arsenious acid solution is coloured blue b^ a very small 
quantity of indigo-carmine. 

A cubic foot (0 0283 cub. m.) in capacity of the aspirator C is divided 
into any convenient number of parts; for e:>irample^, 112. One side of 
the gauge glass D is calibrated t^ give the grains of chlorine per cubic 
foot of gas, and the cbrrespo'xiding yolume of gas aspirated is given 
" on the other sfde of the same lines. The liberation of iodine from th6 
potassium iodide solution and the siqdultanecus bleaching of the indigo- 
carmine indicate th'^ completion of the ttst, and when this occurs the 
aspiration is interrupted and the readings taken. Thus, for example, if 
the mark E represents i cubic foot and the 
water stands at this level on the completion of 
the test, the readings indicate that i cubic foot 
of the gas contains 15-432 grains of chlorine. 
Should the water-level stand at the h cubic 
foot mark, the presence of 30-864 grains 
chlorine per cubic foot of gas is indicated by 
the scale, and so on. 

The hydrochloric acid is determined by 
titrating 10 c.c. of the arsenious acid .solution 
with Nj 10 silver nitrate solution. Should the 
gases be free from hydrochloric acid the silver 
nitrate necessary for titration will be 28-2 c.c., 
this volume corresponding to the hydrochloric 
acid derived from the chlorine absorbed. Any 
volume over and above this 28-2 c.c. corresponds 
to the hydrochloric acid present as such in the 
gases. 

The iodine liberated in the potassium iodide 
bottle generally indicates about o-2 to 0 3 grains of chlorine. The 
potassium iodide bottle is not necessary as an indicator fur the 
completion of the reaction ; its main function is to show that the 
aspiration is not carried out too rapidly, and that no chlorine passes 
unabsorbed through the arsenious acid solution. 

, In a' subsequent communication^ Younger give*? the following 
particulars for the analj^sis of Deacon gases : A measured volume of the 
gas is drawn first through weighed bottles con^'aining concentrated 
sulphuric acid, the gain in weight giving the moi.sture present ; secondly, 
through a tube containing a solution of arsenious acid, to arrive at 
the chlorine and hydrochloric arid content, as above; and finally, 
the oxygen in a sample of the gas* from the aspirator is^ determined, 
the remainder of this gas being taken" as ‘nitrogen; thus the 
‘ ^ y. Soi. Chenu Ind,^ iii90, 9, 1 59. 
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air (by ca^lculi^Ltion from the oxygen) and the excess nitrogen are 
obtained. 

The follQwing example, showing the mkhods of cakulating the 
results, is taken frij^n Wi^ikler,^ the data for the gases being jcor»ected 
to the real litre weights. Ttte free chlorine was determined by an 
arsenious acid solution, of which i ‘it.c. =0-0025 g. Clj. and tl^ total 
chlorine by a silver nitrate solution, ,pf which also i c.c. = 0 0025 g. Cl. 
The follbwing* volumes of these solutions were^ consumed per litre of * 
imabsorbed gas, ji^’ifty c.c? arsciiiotis acid solutioh — 50 x' -002 5=0-125 g. 
free chlorine, and 100 «.c. silver nitrate solution = 100 X 0-0025 =0-25 g. 
total chlorine. The 'extent of the decomposition is given by the 
equation : — ' ' , ^ ^ 

0.250 : 0.125 -^100 : a:, 

‘ 

or a 50 pe^ cent, decomposition had been effected. These two deter- 
minations thus give the decompos’ition value and the ratio between the 
chlorine and hydrochloric acid present in the gas. * 

Should it be. desired to ascertain the vofume percentage of the two 
gases leaving the Deacon decomposer, it is necessary to calculate to c.c. 
the ascertained weight of ffec chlorine, aitd of hydrochloric acid. One 
c.c. 01 = 0-003219 g,, consequently the 0-125 g. Cl found correspond to 
38-8 c.c. Cl, whick is the volume present per i litre of non-absorbable gas. 

To calculate thb volume of the hydrochloric acid present, since its 
weight corresponds to half that of the total chlorine in the gases, it is, 

i'-15o„.o.i25 g. Cl. =-0.1285 g- HCI. 

One c.c. TlCl weighs 0001641 g. ; therefore: — 

0-1285 g. -78-3 c.c. MCI 

per litre of non-absorbable gas. T\\Q.gas Ica'diug the dcconposcr has thus 
tlie following composition*: — * 

iQpo c.c. oxygen ^nd nitrogen, 

^8-3 „ hydrochloric acid gas, 

38-8 ,, chlorine ; 

or, expressed in percentages by volume : — 

89-52 vol. per cent, oxygen and nitrogen, 

7-01*,, •„ hydrochloric acid gft*, ^ 

3-47 „ „ chlorine. 

2 . The percentage by volume of HydrochJoric Acid Gas in the 
gaSes Jjefofie entering the deedmposer is arrived at from the total 

clilorine as follows. * • 

• ^ 

^ hidustrie-Gase^ vol. ii., p. 317. 
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The toEfil chlorine found, namely 0 250 g., correspond^: 10,0*257 g. or 
156*6 c.c. HCl. Consequently the gases entering the decomposer 
correspond to : — 

looo.o^c.c. air, ,, S 
'' 156.6 c.c. HCl, 

which gives 13*60 voluhie per f^ent. IICl.^ 

It is usual ^to simi)hfy the caldulations as far as possible, and such 
simplification does nob affect the result tq any great extent. For 
example, the weight of i c.c. chlorine hiay be rounded off to 0 0032 g., 
and that of i c,c. 1 1 Cl ^as to 0 0016, that is, the weight of i c.c. H,C 1 
is taken to be one-half that ctf i ,c.c. of chlorine. If these simplifications 
be introduced in workifig out the above example, the following values 
are obtained : — * , ^ , 


For the (uiscs leaving the Decomposer. 


0.125 g. active chlorine 
.0032 

0.125 inactive chlorine 
.0016 


39.06 C.C.' - 3.49 vol. per cent, (instead of 3.47) 
78.12 c.c. - 6.99 vol. [)cr cent, (instead of 7.01) 


For the Gases entering the Decomposer 


0.250 g. total chlorine ^ i.r>.2<^c.c. 
0.0016 


13.51 vol. per cent. IlCl 


(instead of 
13.60). 


It is unnecessary to make any corrections for temperature and 
pressure, since the errors from this .source arc throughout essentially of 
the same magnitude, and the results obtained are therefore sufficiently 
comparable. 

3. Carbon Dioxide. — The determination of this gas is important in 
the examination of Deacon gases, since the presence of any appreciable 
amount in the chlorine renders the production of high-strength bleach 
impossible. 

Kascnclever’s method- of determination co!i..ists in passing a 
measured volume of the gas (previously freed from hydrochloric acid by 
bubbling through a wash-bottle containing water) through an ammoniacal 
solution of barium chloride. After the absorption is complete the 
solution is heated, th( barium carbonate filtered off and thoroughly 
washed with, boiled water. ’The' washed precipitate is then either 
ignited and weighed, or dissolved in hydrochloric acid and converted 
into barium sulphate. The weight of carbon dioxide in the 'gas is 
calculated from the weight of precipitate obtained (i g. BaS04 = 0.1885 g. 

^ This leaveb out of account the oxygen which has interacted w(t'!i the HCl, and assumes t^at 
here is no^eakage into *hc decomposei: (Conroy). 

‘ Cf, Winkler, loc. cit.y p. 368. 
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CO2), conyertfd into volume, and compared with the volume of gas, 
say 20 litres, collected in the aspirator. 

Accordiijg to Sieber,^ this method is onl^ applicable to dilute gases 
containing not mc^e than 10 per cent, of chlorine, a condition always 
satisfied by Deacon gases. In the* case of more t^oncentrated gases, 
such as electrolytic chlorine, which n/ay contain carbon dioxid', arising 
/ft)m the carbon electrodes used,‘the^me£hod is unsuitable, owing to the 
solubility of ••barium carbonate in barium^ chloride. "The object of 
boiling the .solutipr befo'rc fijteung off the t)arium carbonate is to 
destroy any carbamate present in ihe liquid. ♦ 

Another method is to absorb the gases in sodium hydroxide solution 
of IJnown carbonate content, to decolnpose the sodiutn Jiypochlorite 
by boiling with cobalt oxide, and then to> treat with sulphuric acid, 
passin^g the liberated (iarb(5n dioxide through a solution of potassium 
iodide preyiously saturated with carbon dioxide and air, to retain any 
traces of chlorine carried forward. TKc purified gas is dien collected 
in a cooled potash bulb, and weighed ; but Lunge - remarks that the 
gas*must, of course, be dried* beforehand, and that the process, in 
addition to being very complicated, is quite unreliable for the deter- 
mination of smalj quantities of carbon dioxide, especially on account 
of the necessity of working*w?th a solution of potassium iodide saturated 
as above. It is both simpler and more accurate to absorb the gas 
in sodium hydroxide solution, to decompose the hypochlorite completely 
by boiling with ammonia, and then to estimate the carbon dioxide 
in the ordinary way either by liberating the gas (p. 615) or by the 
barium chloride method. 

4. Moisture in the Deacon gases may be determined when neces- 
sary by instrting a U'Libe filled with pumice moistened with concen- 
trated sulphuric acid, or a bulb apparatus containing sulphuric acid, 
between the gas main and the absorbing bottle for the chlorine and 
hydrochloric acid, and determining the gain in weight. It is essential to 
drive all chldrine and hydrochloric acid gas out of the absorbing tube 
before weighing, by j^sssing a currcnlf of dry air through the for 

a sufficient time ; also it is advisable to insert a second weighed sulphuric 
acid tube behind the drying apparatus during^he operation. (Compare 
Younger, p. 588.) * 

•IV. ELECTROLWnC#ClTLORINE ^ ^ 

It is necessary to avoid the formation ol fiydrochloric acid, which 
takes *plfLce when the electrolytic chlorine is exposod to light. A 
sample of gas containing originally 83-6 per (5int. of chlorine and 3-6 

• • •• 

* 1 Chew. Znl.y 1895, * “ IlamWuch der Sodaindusine^ Vol. iii., p. 698. 

^ Foi much of thotcoiiLent of this section, the revisers indebted to James Mj»Taylor, of 
the United Alltali Co.'s Centr Laboiatuiy, Widnes. 
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per cent, oil hydrogen had almost the whole of" its hydrogen converted 
into hydrocJiloric acid during thirty seconds’ exposure to Aprfl daylight 
at noon. This caii be pt'evented by the use of amber ^lass, or by 
covering the glass pipette with a dark cloth. ThOf rubber connection 
to the pipette should be as shorf as possible, as hydrochloric acid 
is one of the products of the action of chlorine on rubber. 

I. Determination of Chlorine^ Hydrochloric Acid, and Carbon 
Dioxide. (Mefcury method) — A gas pipette of known capacity (about 
200 C.C.), with well-fitting taps of not too small bore, is connected 
by 3 feet of stout rubber tubing to a kwellidg bottle cohtaining mercury. 
The pipette is then filled with mercury and the upper tap closed. 
The levelling bottle is then lowered and the mercury runs out, leaving 
a vacuum in the pipette ; the lower tap is then closed. 

The pipette is now connected to the gas main and the gas aMowed 
to fill it. The sample having been taken, a small amount of mercury 
is allowed to run in by the lower tap and well shaken to promote 
absorption of the chlorine. Mercury is alternately admitted and 
shaken until finally no further contraction takes place. 

The gas pipette is placed on a stand, preferably bn a split ring 
covered with rubber, and connected to a Bunte burette (see p. 278) 
filled with mercury. The gas is transferred to the burette, the opera- 
tion being complete when mercury shows in the capillary. The gas 
is brought to atmospheric pressure by means of the levelling bottle, 
and the lower tap closed. The burette is read, the mercury bottle 
lowered, and about i c.c. of mercury run out. This enables one to 
draw in the soda for the absorption of the carbon dioxide. The gas 
is brought to atmospheric pressure by slowly running out mercury, 
the upper tap being kept open until the cup is just empty, l^his 
avoids any levelling with mercury and allowances for the height 
of soda. The burette is allowed to drain and the volume read off. 
The difference between the two readings giv,es the volume of carbon 
dioxide present in the gas. 

Any hydrochloric acid left after absorbing thexhlprine with mercury 
can be di.ssolved by the addition of four or five drops of water to 
the pipette, and shaking before transferring the gas. After the residual 
gas has been transferred to the Bunte burette, the mercury is run 
out of the pipette, which is then rinsed out with neutral distilled water 
and the calomel .and pinhead mercury filtered off. The acidity is 
titrated with Nj\o soda, using methyl orange as indicator. The 
amount of hydrochloric acid is usually so small that it wilji not 
affect the carbon diox;jde results,, and it need only occasionally be 
determined. 

The two methods which follow are rapid,"and give results compar- 
able arRong themselves for works purposes; but they should be 
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compared froi^ time to* time with, and their results ched-ied by, the 
mercury method. 

2. Determination of Carbon Dioxides (Hydrogen peroxide 
method.) — Ais method depends on the following reaction 

• • ^ • 

ci,+rtA ^ o., + 2iici 

# “ ^ - jf 

sci that one volume of chlorinj gives* one volume of oxygen. If, 
therefore, lOQ c.c. of electrolytic gas be .treerted with a solution of * 
hydrogen peroxide the vojume rcrgiains the saihc, but the water-soluble 
chlorine is converted, into ^xyge^^i. Carbon d'oxide can then be 
e^rtractcd by dilute soda. 

A Bunte or Robinson burette, holdifig 104 to 105 c.c., is filled 
with good tap water, using an inverted wash-bottle with a length 
of rubber tube previously ^lled with water. It is inverted and con- 
nected to the chlorine matn, and as the water runs out the gas fills 
the burettb. The bottom tap js clo.'fed, and then th« upper tap. 
Water is again introduced through the bottom tap until jt just reaches 
the tfoo c.c. mark, the upper tap being gpen meanwhile to ensure 
the gas being atTatmospheric pressure. 

{Note . — If the available burette conhyns 100 c.c. from tap to tap, 

4 c.c. of water should be hitroduced, as it is necessary to have liquid 
in the burette, otherwise gas will escape when the bottom tap is 
opened. The rt^suU must then be divided by o 96 to get percentages 
by volume. To ensure the gas being at atmospheric pressure, the 
momentary opening of the upper tap when the cup is empty wib 
suffice. It is usually advisable to open the lower tap and allow some 
of the liquid to run out before adding reagents through the cup. 
This* produces a slightly lower pressure inside the burette, sufficient 
to draw some of the reagent into it. The upper tap should be wide 
open, and the rate of flow be regulated by the lower tap until the 
c|ip is just empty. The gas then being at atmospheric pressure, the 
upper tap is shut and the burette allowed to drain.) 

Eight to 10 c.c.^ of a 20- volume solution of hydrogen peroxieje (6 
per cent), coloured with methyl orange, is poured into the cup and 
slowly drawn into the byrette, wetting the sidps uniformly. The speed 
is regulated by the lower thp, avoiding escape of gas from*thc fir^t 
sudden evolution. To ensure the sides being wettedf it is advisable to 
take the burette out of the stand, acid holding it hprjzontally by the 
ends (to avoid heating the *body), to depress one end slightly and then 
the other. The see-saw motion is repeated seven or eight times, 
occasionafly shaking the tube to *wet the s^les thoroughly. The 
conyersion oi the chlorine is complete when the pink colour remains. 
Sllbuld it be destroyed, p t-.c. of peroxide is introduced, after relieving 
any pressure by cfpening the lower tap, and«the gentle Shaking repeated. 
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The btrette is then replaced in the stan^, and 4 or- 5 c.c. of water 
poured into the cup and allowed to drain slowly down the sides. This 
displaces the peroxide, a'lid prevents liberation of oxygen on adding 
sodiuTi hydroxide. After draining ij or 2 minutef^ the volume of gas 
is read off. 

Five, to io,c.c. of approximately normal sodium hydroxide is now 
poured into the cup and allovi^.ed ^to ^nter the burette and absorb the 
carbon dioxide. After bringing to atmospheric pressu»'e the volume 
is read off The difference is the volume of carbon dioxide present in 
the gas. ^ 

3 Determination of Carbon Dioxide and Chlorine. (Thiosulphate 
method.) — A 30 c.c. gas burefte, graduated in c.c., with taps at each C2id, is 
filled with the sample^ to tc tested. This can be done quickly by means 
of a rubber aspirator ; three pulls should st4'ffice to give a fair sasnple. 

The end of the burette is then submerged in a 5 per cent, solution 
of caustic seda and the tap opened Soda rushes in, absorbing the 
carbon dioxide and chlorine. Th^ tap is shut and the tube shaken, 
to make certain that absorption is complete, when on opening the tap 
under the soda no further contraction takes place. THc burette is held 
vertically and the height of the liquid noted : this figure multiplied by 
two gives the percentage of carbon diox'dd and chlorine. 

The same or a similar burette is filled with another sample of gas 
and the end submerged in a 10 to 20 per cent, solution of thio- 
sulphate, which absorbs the chlorine: twice the diminution in volume 
is the percentage of chlorine. 

No attempt is made to read the volumes at atmospheric pressure, 
but as it is the difference between two readings that is taken, the error 
is not very large. 

Owing to the action of chlorine on thiosulphate being variable, and 
sulphur dioxide and sulphur monochloride being among the products, 
this method will only give correct results when the errors balance each 
other. Together with the peroxide method it affords a rough and 
quick method for the carbon dioxide determinat’on 

4. Determination of Oxygen, Hydrogen and Nitrogen.— If the 
inert gas from 200 c.c. of electrolytic chlorine be too little for these 
exterminations, a larger quantity of gas m^ust be passed through caustic 
soda to absorb chlorine and carbon dioxide, and the residual gas 
analysed. The. piost convenient apparatus for this purpose is that 
described by Treadwell.^ (Fig. 209.) 

The filter flask A, of about 1*5 litres capacity, contains about 400 c.c. 
of caustic soda solution of sp. gr. ^-i. The absorption tube h is filled 
with the soda solution by suction at H, the cock I is turned into the 

position II, and the glass tube is filled with- Solution up to the'cock by 

• 

^ Analytical Chemistry^ vol. ii., p. 8i2. 
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suction at the^left arm. The cock is then turned to positiqjft I, the left 
arm connected to the gas-main, and gas drawn through by suction at 
the right ar(n of the cock till all air is expelled from the connecting 
tubing. The cock^<is agajn turned to positioM 
II, and by means of an aspirator at a, gas 
is slowly drawn into the absorptfon^ tube. < 
jl^hlorine and carbon dioxide cPrc absorbed, 
and the residual gas collects in* the upper {tart, 
of H. When enc^gh ha 5 collected (50 to 70 * 

C.C.), it is transferred to an Ursat t)r Ilempel 
gas apparatus and measured. It is then;?ent' 
into the soda pipette of the apparatus to makor 
sure that the chlorine and carbon •dioxide 
have been completely aJ)sorbed,« and the 
oxygen, Cctfbon monoxide, and hydrogen are 
determined in the usual way (stfe pp. 240 ct 
scq). Nitrogen is taken 
by difference, and, if de- 
sired, the equivalent oxy- 
•gen to convert this ’into 
air can be calculated 
and the excess oxygen expressed as such. 

If only hydrogen is to be determined, the 
caustic soda in the absorption apparatus can be 
used many times ; but where oxygen is to be 
determined fresh soda must be used for each 
test, as the sodium hypochlorite formed readily 
gives off oxygen on being kept. 

Treadwell ^ makes use of the burette shown 
in Fig. 210 for deteridining the carbon dioxide 
in electrolytic chlorine. The burette is of the 
Bunte type, and is provided with a levelling 
••tube. The capacity of the burette, from taf) to 
tap, must be accurately determined, the most 
surtabl^ capacity being ftXD c.c. The chlqiine gas 
to be examined is dried by passing through a 
calcium chlorine tube, an%l is allowed to flow 
•through the thoroughly dr^ burtfte /or from five 
The lower three-way tap a is now closed, then the 
upper ttv^o#way tap and the temperature and barometric height noted. 
The lower tap is then connected by fhe rubber tube to N, a is turned 
so /• to coitnect N whh the outside air, the tip of the burette and the 
stopcock are wasjjied, and a is closed. ^ , t 

^ Analytical Chemistryy\o\. ii., p. 808 ; Z. angew, ChenUy 1905, 18, 1930. 
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A pot^lssium arsenite solution is made by dissolv'ng 4-95 g. of 
arsenious oxide in dilute potassium hydroxide solution, adding phenol- 
phthalein, exactly neutralising with sulphuric acid, an4 diluting to 
I litr'e. 'One hundred cc. of this iV/io solution h placed in N, any 
air in the rubber tube is expelled by pinching with the thumb and 
finger, und the arsenite solutior* is introduced into the burette till 
all the chlorine is absorbed, after which 10 c.c. of a 1:2 potassit«'ni 
hydroxide solution is run "in through the funnel above B, to absorb 
the carbon dioxide. , After taking* the readings, the .solutions and 
washings are collected, phenolphthalein aJded,aiid the whole neutralised 
with hydrochloric acid ', 60 ^c.c. of sSodium bicarbonate solution (40' g. 
per litre) is then adde^ and fhe excess of arsenite solution tifVated 
with jYjio iodine SK^lution and starch. One c.c. yV/io solution = 
0 003546 g. Cl, or MO15 c.c. at N T.P. A’s the original gas Was dry, 
the volume of the residual gas must, for accuracy, be corrected for 
aqueous vapour, and the volumes cf chlorine found corrected from 
N.T.b. to the temperature and atm'o.sphcric pressure of the experiment. 
The carbon dioxide is then determined' by difference. 

Lunge and Rittcner^ absorb the chlorine in a Buntc burette with 
a Nj 10 solution of sodium arsenite and then the cfirbon dioxide with 
sodium hydroxide; the unchanged arsc'nitc is titrated back and the 
carbon dioxide obtained by difference from the volume of total 
absorbable gases found. The details of the method are given on p. 615. 


V. Tilt: Manufacture of Blkaciiinc; Powder 

The method of examining the lime used in filling the chambers has 
already been described (p. 583). The main point to be attended to in 
the manufacturing opcratx)n is the strength of the bleach, which must 
be brought to a specified standard. This is controlled by analysis ; the 
various methods available are described under “ Finisned products” 
(p. 600). It is, of course, essential that the ;>amplc drawn from the 
chamber should be representative of the bulk. 

The chambers must not be opened until it has been ascertained that 
this maybe done with safety to the workmen, and without giving rise to 
undue nuisance.^ Before the chamber is opened, the chlorine present 
in the gas spac^ must not ejtceed 5 grains per cubic foot ( = ii'5 g. per 
cubic metre) ; this lirrfit was agreed to by manufacturers about twenty 
years ago, but the present practice is to reduce the limit to 2^ grains 
per cubic foot. 

The determination of the chlorine present in the cliamber atmo- 

• % 

\ /. I9t 1853. 

- Cf. LuiJgc, Sulphuric Acid and Alkali^ vol. iii., p. 622. 
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sphere may be^ carried oht in an Orsat apparatus, the simplified form 
described by Fleming Stark, ^ Fig. 21 1, being especially suita*ble. 

The burette a is filled with water and connected by. means of a 
rubber tube^ith th^, reservoir a tap^ being inserted between tlu^ two. 
This tap is provided with*two passages at right anglas to each other, the 
one of small and the seconc 
allows of a strong flow of 
water when filling the bur- 
ette, and of a diminislK^i 
flow when the gas* is forced • 
in1?o the absorbing solu- 
tions! The four tubes d are 
filled with an aqueous solu- 
tion ef potassium iodide^ 
and each may be connected 
through i. corresponding 
glass tap with IIk; burette. 

Eacli absorption tube is 
provided with •a double- 
bored stopper, and ^ tube 
reaching almost* to the 
bottom of the absorption 
vessel passes through one of these openings. This tube is narrowed 
at its lower end, so as to break up the gas-bubbles entering the absorb- 
ing solution, and at its upper end is connected through the tube with 
the bleaching powder chamber. The tube passing through the second 
opening in the stopper is cut off just below the stopper, and serves to 
connect the absorbing vessels with the burette. A small wash-bottle 
containing potassium iodide solution and starch is inserted between 
the absorption tubes and the burette. The two-way tap g, provided 
between the wash-bottle and the burette, permits the air to escape 
during the filling of the burette without passing through the wash- 

bottle. ^ . 

In using the apparatus, 3877 c.c. of gas, as measured in a,d.re drawn 
through one of the absorption tubes d; the solution in the wash-bottle 
affords an absolutely safe indfcation of the completeness of the, chlorine 
absorption. The contents of d arc then washed inio a beaker, and 
titrated with NJio sodium arsenite §olutJon. The grains of chlorine 
per cubic foot are obtainec^ by multiplying by ^ the*numfber of c.c. of 
arsenitj solution so required. 

The (Jovernment inspectors make use of^the sinfplc apparatus 
sho^n in Fig. 212.^ A is an ordinary rubber pressure ball of about 

* 1 /. sic. C^em. Ind., 1885, 4, 311* 

^ Lunge, Sulphurit Acui and Alkalf^ vol. iii., p. 62^. 


of lar^e diameter. This arrai^ement 
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100 c.c. c?vpacity, provided with a small hole, B, in th^^ mouthpiece. 
The end df the mouthpiece passes through one of the two holes in 
the cork C, ,a glass tube, D, bent at right angles passing through 
the sgcon^l. This latter tube reaches nearly to the bdctom of the 
fi-ylinder E, and ds narrowed down at the lower end, 
so that only a vpry fine needle can be inserted. The 
cylinder E ii filled with the solution descHbed beloy/^, 
and the ojiter eiid of D is inserted in an opening in' 
the U'each chamber at a height of 2 feet above the 
flaor'. To take a^sarnpie ot the chamber gas, A is 
compi;essed ; the hole B is then , covered by the finger 
and the p/essure released ; by the expansion the 
bulb the gas in the chamber is drawn through the 
tube D 'and fne solution in,. E. The operation is 
repeated until the solution in E becomes coloured 
through sepp.ration of iodine, and the ‘number of 
aspirations required to cause this is noted. Each 
delivery of the bulb corresponds to 4 ozs. (e^bout 
100 C.C.), or of a cubic foot. The solution em- 
ployed is prepared by dissolving P'3485 g. of arsenious 
acid in sodium carbonate, neutralising with sulphuric 
acid, adding 25 g. of potassium iodide, 5 g. of pre- 
cipitated calcium carbonate, 6 to 10 di ops of ammonia, 
whole to I litre. Twenty-six c.c. of this solution 
is employed for each test, and a little starch solution is added as 
indicator. Under these conditions five deliveries of the bulb will 
produce a coloration when the gas contains 5 grains of chlorine per 
cubic foot, ten deliveries when the chlorine content is only 2I grains 
per cubic foot, and so on. 

VI. The Manufacture of Potassium Chlorate 

In the old process of manufacture, in which a, warm solution of milk 
of lime is treated with chlorine, the methods of examining the lime and 
milk of lime are those already described (p. 582). The resulting liquor 
n\ust be examined for its content of chlorate, since this is the basis on 
which the potass-'um chloride nece.ssary for conversion into chlorate is 
calculated, and also for the p^^rcentage of calciuni, chloride present, as 
a check on the working*of the process. 

Determination of the Chlorate. — Two c.c. of the liquor is measured 
off with an accurate pipette and boiled, after the addition of a little hot 
water and a drop of alcohol, to remo/e any dissolved free chlorine. , A 
flask fitted with a Bunsen valve or Contat bulb (Eig. 20, p. 63)’ is used 
for the test, but the valve is* not inserted during the above preliminary 



Fin, 212. 

and diluting the 
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heating. Th(^ compIete*removal of chlorine is indicated hyt the disap- 
pearance of all smell of chlorine and of the red colour. The flask and 
contents are allowed to cool, 25 c.c. of the acid ferroas sulphate solution 
(corresponding to <^c.c. A^/2 permanganate solution) describetj op^p. 578 
added, the whole bbiled fhr tei^ minutes, and fhe valve inserted. When 
cold, the solution is titrated with N/?^ permanganate solution, /^^c.c., say, 
being necessary to produce the joloratfcn. Tfle chlorate contained in 
I litre o^ the ^quor will then be 5*105 — «alculate<^ as KC103,and " 

the potassium chloride tijeoreticajly necessary* to convert the calcium 
into the potassiunf salt will be 3*io0 (a — d) g. per litre.^ 

• The chlorate remaining in the mother liquors is similarly deter- 
minifd. * • • 

The chlorate may also be determined by l^unsen’s metliod, namely, 
boiling with strong hydrochloric acfd and absorbing the liberated 
chlorine in a solution of jlotassium iodide ; the method is, however, 
no more advantageous in this ^ase than in that of manganese ore 
(P* 577 ). 

Other methods for the determination , of chlorates are described 
on p. 612. • 

Calcium Chloride. — The chloride (calpium chloride) in the liquors 
is determined as *follows:-*-i,c.c. of the liquor i^ treated as above, to 
destroy free chlorine, until the red colour disappears, a little neutral 
potassium chrorfiat^e added, and the solution titrated with A710 silver 
nitrate solution, as described on p. 73. Each i c.c. of the silver nitrate 
solution corresponds to chlorine equivalent to 7 46 g. KCl,or 5*59 CaCIg 
per litre. 

Should it be necessary to determine the free chlorine and hypo- 
chlorite pre.sent in the liquor, a measured volume of the liquor is 
allowed to flow into an exce.ss of potasssium iodide solution and the 
iodine liberated determined by titration wifh thiosulphate. It is not 
gdrmissible to add sodiugi carbonate to fix the chlorine before adding 
the potassiura iodide, since, owing to the formation of iodic acid and 
the oxidation of tl^e.thiosulphate, to^) much iodine is then required.’^ 
The “ bleaching chfol-ine ” may, however, according to Pontius, be 
titrated directly with potassium iodide solutioy after addition of sodium 
bicarbonate {cf. p. 603). • 

The titration may also be carried out by Penot’s method, described 
under bleaching powder, by addition ^)f sodium arsenit^ solution, until a 
drop of the titrated liquor leases to produce a blue colour T)n potassium 
iodide .starch paper; or the arsenite solution may be added in excess 
and titrated back with iodine soluticyi (cf. p. 6o4j. * 

^ Cf. also, Rosenb.aum, angew. C/iem,^ 1893, 6, 80. 

“ Frieflheirp, !?. anorg. Chem., 1893, 4, 145. 
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FINISHED PRODUCTS 
I. {{LEACHING Powder 

*- c* ^ ‘ 

Owing to the unsstable’nature of this substance, very special attention 
must be given _ to the collection and preservation of the samples. 
Exposure to air and t <5 daylight is vpy prejudicial ; exposure to sup- 
light still more ‘JO. Tha sarpples are drawn from the separate casks by’ 
a suitable auger (p. lo); and placed^ one after the other in a wide- 
mouthed bottle, whi^fh 'must be closed inrKmediately after each portion 
has been introduced. T,he mixing and filling into the separate sample 
bottles, together with the sfcalkng tip of the latter, is performed as 
rapidly as possible in the manner prescribed on p. lO. The samples 
must be kept in a cool dark place prior to testing, and the tests oshould 
be made without delay. 

The technical analysis of bleaching powder is confined to" the deter- 
mination of the “available” or “ bleaching” chlorine, that is, of the com- 
pound CaCl(OCl) which splits up into Ca(OCl )2 and CaClg on solution 
in water, and consequently shows the reactions of a hypochlorite. The 
quantity of available chlorine present is, in England and America, 
always expressed as percentage by weight, on the bleaching powder, and 
the same method is usually followed in Germany and most other 
countries. In France, however, and to a certain hxtent in other 
countries, the strength is quoted in terms of Gay-Lussac degrees, which 
indicate the number of litres of chlorine gas, reduced to o° and 760 mm., 
capable of being evolved from 1000 g. of bleaching powder. The 
following table shows the relationship between the English and French 
degrees : — 


Froncli 

Ter cent. 

Frcncli 

Per cent. 

French 

Per conL. 

French 

Per cent. 

French 

Per cent. 

Degrees. 

Clilorme. 

Degrees. 

ChlonuN 

Degiees. 

Chlorine. 

Degrees 

(Oilui mo. 

Degrees. 

Chlorine. 

63 

20*28 

77 

24*79 

91 

29*29 

105 

33*80 

‘ 119 

38*31 

64 

20*60 

78 

25*11 

92 

‘29*62 

106 

34*12 

120 

38*63 

65 ‘ 

20*92 

79 

25*43 

93 ' 

29*94 

107 ‘ 

, J4*44 

121 

38*95 

66 

21 *25 

80 

25*75 

94 

30*26 

108 

31*77 

12*2 

39*27 

67 

21 *57 

81 

26*07 

95 

30*58 

109 

35 09 

123 

39*59 

68 

21*89 

82 

26*40 

96 

30*90 

no* 

35*41 

121 

39*92 

69 

1 2r2*21 

83 

26*72 

97 

31**23 

111 

35*73 

125 

40*24 

Vo 

I 22*53 


27*04 

98 

31*55 

112 

36*05 

126 

40*56 

71 

1 22*86 

i'7*36 

99 

31 *87 

113 

36*38 

127 

40*88 

72 

23*18 

86 

27*68 

,.100 • 

! 32*19 

114 

. 36*70 

128 

41*20 

73 

23*50 V 

‘8? 

i 28*01 

101 

i 32*51 

• 115 

37*02 



74 

23*82 

88 

‘Is *33 

102 

1 3*2*83 

116 

37*34 



75 

24*14 

89 

28*65 

103 

! 33*16 

117 

37*66 


• ... 

76 

24*47 

i 90 

28*97 

K 

104 

^ 33*48 

— 

118 

37*99 




• * t 

The following table, prepared by Lunge? ^nd<Bachofen,' gfves tftie 


^ Z. cAii'ew. Chem., i8q^. 
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available chlorine corresf)onding to various specific gravities bleaching 
powder solutions ; — ‘ * 


J 

Specific Gravity 
at 15". 

Available 
Chloiino. 
Grin.s. pir lltro. 

Specific Gravity 

• j 

— ‘ 

A vail able 
Chlorine 
Grm.s. per litr^. 

Speciiic Gravity 
at 15’. 

i 

Available 
• Ohli^ne. 
Orms. per litre. 

1-1155 

71-79 

1-0800 

• 4^-96 

. 1 -035(1 

*20-44 

• 1-1160 

71-50 

1-0750# 

45-70 

1 -0300 

17-36 

1-1105 

68-40 

1-0700 

42-31 

. 1-025C* 

14-47 

1-1100 

68-00 

l-06t)0 

39-10 

1-0209 

11-41 

I-IOGO 

64-38 

! 1-0600 # 

35-81 

* 1-0150 

8-48 

1-1050 

6^-50 

1|0.^50 

32-68 

J-0100 

5-58 

. 1-1000 

61-50 

1-0500- • 

29-60 

1 -0050 

2-71 

1-0950 

58-40 

1-0450 

26-62 

1-0025 

1-40 

•1-0900 

55-18 

1-0400 • 

.23-15 

1-0000, 

Trace 

1-0850 

52-27 


... ^ 

... * 





*- • 

—j 
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• Very many methods Miave been devised for the determination of 
the available chlorine in bleaching powder, of which th<j following are 
the most importfint. 

Gay-Lussac’s Arsenious Acid Metho^.^ — This, the* oldest method, 
was introduced by Gay-Lussac in 1835, and is still in general use in 
France. It consist^ in treating the bleach with a hydrochloric acid 
solution of arsemous acidj pj^epared by dissolving 4-409 g- of arsenious 
acid in hydrochloric acid, and diluting with water to i litre. Ten c.c. of 
this solution i% rjendered blue by the addition of a drop of indigo 
solution, and titrated with a solution of bleaching powder until the blue 
colour di.sappears. The bleach solution is prepared by rubbing 10 g. 
of the bleaching powder with water and diluting to 1000 c.c. Since 
0-04409 g. As^jOg corresponds to 10 c.c. of chlorine gas measured at 0° 
an5 760 njin., to obtain the number of litres of chlorine gas corre- 
sponding to I kilo of bleach, it is only necessary to divide 1000 by the 
number of c.c. of the bleach solution required to decolorise the indigo 
^solution. The results pbtained vary considerably, according to the 
degree of dilution and the excess of acid present. Chlorine and 
arsenious acid c^i. exist side by ^ide in dilute solutions, and con- 
sequently the bleaching of the indigo is no indication that all arsenious 
oxide has been oxidised. Further, the coloration gradually becomes 
weaker as the titration proceeds, thus causing the end-reaction to be 
very indistinct. * 

On account of .this gradual dgcolq^isation, Deniges^ replaces the 
indigo sulphate by potassium bromide, the cyd of^tlic 1:itration being 
indicated by the appearance of a distinct yellow colour. This indicator 
is also,*according to Deniges, vc{y suitable for titrating commercial 

• 

0 * ^ ^ C/. Lunge, Sulp/iunc Acid and Alkali^ vol. iii., p. 591 * 

" Ann. Chm. PhyL (2), 1824, 26, 162 ; 1835, 60, 225. ^ 

'\f.Vhaim. L'him., 1891 [5], 23, loi ; f. Chnn. Soc., 1^91, 60, 615.* 
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hypochlorit/^ solutions (Eau de Javel) when these are coloured pink 
through presence of permanganate. In this case the small amount of 
permanganate present is first decomposed by the arsenious acid solu- 
tion. The determination is carried out in the usual manner by adding 
a few drops of concentrated potassjum bromitle solution to lo c.c. of 
the arsenious acid solution, and titiating this with the bleach solution 
until a permanent faint yellow c,olc)ration is obtained. 

> All methods of blqachmg pdwder analysis must, according to ' 
general commercial practice, permit of the determination not only of 
the chlorine in the eiol'ation, but also of t^at present in the insoluble 
matter. The insoluble matter must be uniformly distributed through 
the solution so that the wholeToi;ms u uniform thin cream. Henc^ all 
methods in Wnich the bleaching powder cream is run in from a burette 
are necessarily inaccurate, since the distribuyon pf insoluble matt;pr can 
never be uniform under such conditions. ' This source of error -is 
avoided as foljpws. . 

The sample is prepared for analy^sis by triturating it with water to a 
thin cream. The grinding should be extremely intimate, and neifher 
too much nor too little water should be used in the operation. The 
triturated cream* should not contain so little water that the bleaching 
powder separates out again in lumps while ^ being washed into the litre 
flask ; if this does occur, more water must be added to the cream first 
prepared, and the whole again triturated for a short time in the mortar. 
When the operation has been properly performecJ, the cream will 
readily mix on shaking with the further water added in the litre flask. 

Bunsen’s lodometric Method^ depends on the separation of an 
amount of iodine equivalent to that of the available chlorine, when a 
bleach solution and potassium iodide are treated with hydrochldric 
acid. The iodine liberated remains dissolved in the excess o{ potassium 
iodide present, and is titrated with N/io sodium thiosulphate solution 
(p. 69). If I g. of bleaching powder be taken for the titration, the 
percentage of available chlorine contained. in the bleach, is found by* 
multiplying the number of the c.c. of thiosulphate required by 0-355. 
The titration should be performed rapidly to prev6nt loss of chlorine, 
and any considerable excess of hydrochloric acid must be avoided. It 
* is best to, prepare the cream with i g. of bleach and about 100 c.c. of 
water, and to add^to this 2 to 3 g. of potassium iodide and about 10 
drops of hydrochloric atid, and to stir once quietly with a glass rod so 
as to distribute t*nb separated iodine evenly* throughout the solution. 
The thiosulphate is then added rapidly and without stirring unUl the 
colour of the solution has been reduced to a faint yellow, starch*solution 
added until the colour becomes deepcblue, and the titration continued 

drop by drop to completion. • * - • - 

% 

^ A ^ nalen ^ 1853, 86, 265. 
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When Gainfully carried out, the method gives accurate^results, but 
in no case are the results better than those obtained by Per>ot’s method. 
The method is consequently but seldom enjployed in the works, more 
especially the consumption of potassium iodide renders it expensive 
and Wagner’s proposal »o utilise the decoloi^sed solutions as a solvent 
for the iodine is not practicable. • 

, A very disturbing effect that frequently occurs in this me’lhod is a 
’rapid reappearance of the blue^olour'; in im^jure solutions this often/ 
makes it impossible to, determine the end-point of the reaction. 

R. Schultz^ has 5found thaj: 1;his often happensi in determining the ^ 
excess of bleaching j^owder in disinfected waste liquors, and is to be 
ascribed to the presence of oxid>sing, substances such, as ferric oxide 
and calcium chlorate. According to Schult/., very satisfactory results 
may be obtained, if in^tca<J of hydrochloric acid, acetic acid be added 
t® the mixed waste liquor, •togethef’ with potassium iodide solution, and 
the resulrtng solution titrated with *thiosulphate. Iq the case of 
strongly coloured liquors, the cn^-pohit is judged by comparing the 
colo^ur of the titrated solutiomwith that of the original, diluted to an 
equal bulk. • 

Bunsen’s Distillation Method is even less acceptable'^ than the 
above for technical work.. It consists in decomposing the bleaching 
powder with hydrochloric acid, in a flask, driving off the chlorine by 
boiling the mixture and passing the evolved gases into a solution of 
potassium iodide contained in an inverted retort, the liberated iodine 
being determined by titration. Any chlorate present in the bleach 
will liberate chlorine in this method. 

Pontius' Potassium Iodide Method.^ — This consists in titrating 
blehching powder with potassium iodide solution after previous 
addition of sodium bicarbonate. 7-09 g. of bleach is dissolved in water 
in the usual manner and the cream diluted to 1000 c.c. ; 50 c.c. of the 
solution, corresponding to 0-3545 g. of bleaching powder, is measured 
*off, and about 3 g. of solid .sodium bicarbonate added to and dissolved 
in the solution. Onq to 2 c.c. of sj;arch solution is then added, and 
the solution immediately titrated (before the liberated hypochlbrous 
acid can react with the starch solution) with Nj 10 potassium iodide 
solution until the colo*ratioti, which is at first reddish brown, and then • 
blue, no longer disappears, and the colour becomes^ a bright and fJer- 
manent blue. The^ reaction consists qi the formation of potassium 
iodate from the mixture of hypochlorous acid, ^odiumTbidarbonate, and 
potassium iodide : — 

SCaOCl^* = 6C1) + fiNaUCO, + K.I = KJO^ + sCaCCfc + 6NaCT + sCO., + 3H,0. 

• 

* ' Z. angnv. Chem., 190*3, 16, ^ 3 ’ 3 - “ 0 "- Winkler, Z. angew, Chem., 1903, 16, 33 - 

• * Chem, Zeit.y 1904, 2S, 59. • • 



604 


THE CHLORINE INDUSTRY 


This prQcess is also suited to the examination of bleaching solu- 
tions, the hypochlorous acid in this case being liberated by addition of 
boric acid, The method is especially applicable to the approximate 
determ.ina1;ion of substances of quite unknown strength, ^nd Lunge 
considers it more convenient for this» purpose than Ponot’s method ; the 
latter is, however, more exact in all bases. 

Penoi’s Arsenious Acid Mrethod. — This method, which finds the 
•greatest acceptance in prricti9e, is both free from all sources of erfor, and ’ 
easy to carry out.** The fallowing details are as- recommended by Lunge. 

An alkaline solution^of Njio sodium' ajesenite is employed in place 
of the acid solution used^in the Gay-Lussac method. The preparation 
of this solution^has been dest‘ribed 6n p. 72. In alkaline solution<the 
oxidation of^ arsenious t'o arsenic acid, which requires 4 atoms of 
chlorine per gram molfeculd, take's place srr>oothly and without loss of 
chlorine, the end-point of the titration being shown with extreme 
sharpness by ,^-he blue coloraticn produced on iodised staVch paper. 
An excess of the arsenite solution- may be added, snd such excess 
titrated back with A710 iodine solution^ but this is seldom done, sjnee 
it necessitates the use of two standard solutions and is fci no way more 
accurate.-^ 

In carrying out the test, 7-09 g. of tlie thoroughly mixed bleach 
samples is ground in a porcelain mortar with a little water to a 
uniform thin cream, diluted by addition of more watery and the whole 
washed into a litre flask and made up to 1000 c.c. The lip of the 
mortar should be greased on its under side with a little fat or vaseline, 
to facilitate the transference of the liquid from the mortar to the flask. 
P'ifty c.c. of the thoroughly mixed solution ( = 0*3545 g. bleaching 
powder) is pipetted off and transferred to a beaker, where if is 
thoroughly stirred, whilst the Nj 10 arsenite solution is run in until 
nearly the full quantity expected to be required has been added. A 
drop of the solution is then placed on filter paper which has been 
moistened with a little potassium iodide starch solution. According to 
the depth of the blue colour obtained (in presence of larger quantities 
of chlorine a brown stain is produced), more or les^ additional arsenite 
solution is added and the spotting repeated until the test paper remains 
white, or until only a quite inappreciable Coloration is produced. In 
malting a duplicate titration, if the arsenite solution be added to within 
a few drops of the end (as indicated by the first titr/ition), a little iodide 
and starch mtly be addfd to the solution alid further arsenite added 
till the colour disappears; but if this addition be made too early, 4 false 
end-point may 6ccur through the formation of iodine chloride. Each 
I c.c. of the arsenite required represent i per cent, of available chlorine 
in the sample. * • * • 

^ !• prakt, Chem.^ 189b, 54, 59. - CJ, J. Clarens, Comp/, r/kd., 1914. X59 j 183. 
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Suitable iodised stai'ch paper for this test is prepared follows; — 

One g. oPstarch is boiled with loo c.c. of water, the solution' filtered and 
o-i g. of potassium iodide added to the filtrate, filter, paper is then 
soaked in this sol;ition and dried on a porcelain or similar ^late at 40° 
to 50°. For the ipottir/g te^t the^paper shbuld moistened, as the 
reaction is rr.uch cleaner and more^ delicate with moist than with dry 
^ paper. Three or four pieces of^the paper are 'spread on a glass plate 
and any excess of water allowed to flow pff;ythey ar.i then ready for* 
spotting. The disappeaijance of^the blue co/pur may be very sharply 
determined if th(5 paper is txamiped by transmitted light towards the ' 
e!id of the titration. . 

Lunge’s Gas-volumetric Method — ^^Fcnot’s method is so simple, 
convenient, and accurate, that no other meth6d is really heeded. It is, 
howe.»er, desirable to have* an independent method, which may, when 
r'Cquircd, be used as a ch*eck. Lunge’s gas-volumetric method serves 
this purpo'se. The hypochlorite is deemnposed with hyd^gen peroxide 
in a nitroinetei* or gas-volumeter, and the volume of the oxygen 
liberated measured. The reaction takes jjlace according to the follow- 
ing equation 

CaOCl > + 1 1 ,0., - CaCl > + II ,0 + O ' 

That is, the volume of active chlorine present is exactly etjual to the 
volume of the ^oxygen liberated.^ The operation is carried out in a 
nitrometer provided with a decomposition bottle, as in the analysis of 
manganese ore (c/. pp. 82 and 578). The addition of acid, as recom- 
mended by Vanino, is of doubtful value.- 

The bleaching powder solution is advantageously prepared so that 25 
c.c^the volume taken for the reaction, contains i g. of bleaching powder. 
This will be the case if 20 g. of the bleach is triturated with water as 
described above, and the re.sultant cream diluted with water to 500 c.c. ; 
\yorking with 25 c.c. of such a solution, cash i c.c. of oxygen evolved, 
•reduced to o'’ and 760 mm., equals 0-3166 per cent, of chlorine. The 
test should l?e carried out with a bulb nitrometer graduated to 140 c.c. 
Should it be desirc^^to work with a Smaller nitrometer, say of 30, to 50 
c.c. capacity, only 5 c.c. of the above solution should be taken, in which 
case each i c.c. of oxyg^i evolved will correspiind to 5 X o- 3 1 66 = i • 5 83 per 
cent, of chlorine. A still more convenient plan is to dissolve 7-9]^ g. 
of bleach in 250 c.c. of water, and to take 10 ^c. of* the milky solution 
for the test ; the pcprcentage of availabfe chlorine i^ Jthen equal to the 
number of c.c. of oxygen liberated. A 50 c.c.*instrument can be used 
undef tl^se conditions. ^ 

The hydrogen peroxide is introduced into Uie inner compartment of 

Q%Lung 9 , (yio/i. ///^., i88t;, 8, 168 ; B^r., 1886, 19, 868 ; Z. 1890, 3, 8 ; 

Baumann and Vanino, Z. angew. (^hevi., 1890, 3, 80, 186, 509. ^ 

Z. an new. Chem.^ 1 890, 3* ^36. • 
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the decomposition bottle, and rendered just alkaline by the addition of 
a few drops’'or sodium hydroxide solution, to prevent the evolution of 
carbon dioxide; thTe bleadiing powder solution is then placed in the 
outer rompartment. The shaking should only be rontinfied for from 
one to two minutee after 'mixing t’le solutiorfs, and* the volume of gas 
evolved should be read off immediately and before any spontaneous 
evolution of oxygen occurs. The ad^dtion of a considerable excess of 
"sodium hydroxil5e to the peroxide must be avoided, but it is safe to add 
the hydroxide until the ‘solution is distinctly alkaline and a flocculent 
precipitate appears. ^This addition should; of course, be made to each 
portion of peroxide immediately before the test. The hydrogen pel- 
oxide solution ^should not be *100 ‘concentrated ; i c.c. treated With 
excess of bleaching powd'br solution in the nitrometer should not give 
more than 7 c.c. total o'^ygen. if it is too strong, a little wafer may be 
added directly to the solution in the decomposing flask. A small excess 
of water is immaterial, and it "also makes no difference whether the 
hydrogen peroxide is employed in considerable of only in small 
excess. , 

Baumann 1 has shown that in carrying out the '^gas-volumetric 
method with hydrogen peroxide it is very easy to obtain too high a 
result when the hydrogen peroxide solution has been kept in a 
stoppered bottle and has not been shaken before use, when the thorough 
shaking necessary in the analysis may give rise to the liberation of 
appreciable quantities of oxygen (from 0-5 to 2 mg. oxygen from 10 c.c. 
of hydrogen peroxide). This oxygen results from the continuous 
gradual decomposition of the peroxide and remains dissolved in the 
peroxide solution. 

The fear that the solid particles pre.sent in the milky bleach solution 
might exert a catalytic influence, and thereby lead to high results, has 
proved to be groundless. The oxygen can be collected over mercury 
or water. 

According to Lunge, the gas-volumetrit method of testing bleach 
always gives higher results than are obtained by Penot's method. As 
the result of a very extended series of tests, he states that such excess 
of available chlorine amounts on the average t;o 01 5 or at most o-2 
per^ cent The cause of this difference Has not yet been definitely 
elucidated. 

Vanino’s Hydrogen Peroxide Method.’ — Thes is a volumetric 
method for thc’analysis bleaching powder based on the above reaction. 
The bleaching powder is decomposed by adding an excess of hyd’*ogen 
peroxide, standardised by means of permanganate, and the undecom- 
posed peroxide is titrated back. The method is more complicated than 
that of Penot, and offers no special advantages, ' 

^ Z.'-angew. Chem.^ 1891, 4, 450.' - Z. angew, Chem.^ 1890, 3, 83. 
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Vanino ^ i^commencfs the following apparatus (Fig. 21 3) for the rapid 
approximate determination of available chlorine. It is very convenient, 
and is adapted for use by workmen in bleaching works, etc. It is also 
generally suitable for other tests in which an evolved gas is,, measured 
when rapid appro3JimateVcsu4s arcjwanted. " 

The bleaching powder is wcigheqjoff on a hand baliince, rubbed to a 
^cream with water, and introduced intp the generating flask A ; the 



solution of hydrogen |)eroxide is placed i^i c. The outlet tube, /, 
of the gas-holder is best drawn out to a point, to reduce the tendency to 
form air-bubbles. The gas-holder is filled with^watA, and before each 
test the tube p is Uwered so as to attow a few (iwps of water to 
escape ; this tube must remain filled with watef, both at fhe beginning 
and ak tjje end of each experiment. A measuring cyUnder is placed 
under the outlet of the tube p. liy opening .the pinchcock at Z', the 
J^y^frogen ,[^eroxide solution flovfs into the bleach solution and the 
olygen evolved displaces own volume of water, which is collected in 
^ angew. Chent.^ 1890, 3, 509. See also Miller, ibnL^ 1910, 23, 1556. * 
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the measur/ng cylinder. A certain time is allowed to elapse after each 
test before the volume of water in the cylinder is read off. The results 
are calculated frons Vanino’s table (p. 609), the figures in which give 
the weight in milligrams of i c.c. of chlorine g^is (saturated with 
moisture) at the ^ temperatures Jind barometric ^pressures shown.^ 
A deduction of j mm. must be invade from the barometric reading at 
temperatures from 10" to i2‘';>of 2 ipm. at 13° to 18°, and of 3 mm. 
at 20^" to 25°, so^as to reduce the reading of the barometer to 0° 

If, for example, r-iQ g. of bleaching po^j^der is taken for the test 
and the volume of w^ter collected, co/respending ,to the oxygen evolved, 
measures 140 c.c. at iq” and 720 mm. pressure, the calculation is 
made as follows. From the 'table tne factor corresponding to loband 
720 mm. is 2-858; this I'niiltiplied by 0-140, the volume of the water 
collected expressed ih litres, gives 0-400 as the weight in g. of the 
chlorine contained in the MO g. of bleaching powder, which, thercfoTxe, 
tests 36-36 per cent. 

The carbon dioxide present ini bleaching powde.* is occasionally 
determined. This may be done by decomposing the bleach with hydro- 
chloric acid and passing the liberated chlorine and carbon dioxide into 
an ammoniacal solution of calcium chloride (one part CaC1.2.6H.^O, six 
parts water, and ten parts aqueous ammpivia, sp. gr. 0 96, mixed and 
allowed to stand for some time). The chlorine reacts with the ammonia 
according to the equation : — 

8NH3 -i-3CI,-6NTI,Cl + N.. 

The reaction may be hastened by boiling the solution. The carbon 
dioxide is converted into calcium carbonate, which is filtered off and 
determined in the usual manner. 

The method devised by Lunge and Rittener (p. 615) is both more 
convenient and more accurate. 

Orton and Jones - have devised a method for determining the 
alkalinity of bleaching powder solutions. A known volume of N\io 
hydrochloric acid is placed in a Drechsel wash-bottle, a known volume 
of the bleach solution added, ancT’ dust-free air i;^ bubbled through in a 
rapid stream in the dark till all the chlorine is evolved (till a drop of 
methyl orange is not bleached by the licuid).'' The excess of acid is 
then titrated by iV/io alkali. The reactions are : — 

Ca(OCI) , + 4HCI = CaCl. + 2H.,0 + 2Ct,. 

. ^ Ca(OH),+ 2HCl = Caa ,-4 2Ho(t 

^ This table is lased on the value 3-16696 g. as representing the weight of I lit« of dry 
chlorine at o°C. and 760 mm. pressure, whereas th: correct figure according to the most recent 
determinations is 3-214. Consequently, the wholq,of the values given in Vanino’s table are 1-5 
per cent, too low. Vanino has more recently (Z. ana/. Chem.^ 1902, 41, 539) e:aCndec| the table 
to 30” and for the odd values for the barometric pressure, wilhir the above limits. 

2 1909, 34, 317- ' ' 
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From the determination of the available chlorine, the amount of 
hydrochloric acid corresponding to the first equation is calculated, 
and that corresponding to the second is then obtained by difference. 

M. Philibert^ employs an iodometric method to determine the- 
alkalinity' of bleach solutions. f 

i 

II. Bleaching Solutions and Electrolytic Liquors 

Bleaching solutions tronsist essentially of mixtures of hypochlorites 
‘and chlorides, and s(xne also contain free" hypocMorous acid. The 
base may be calcium, potassium, sodiuni (in £au de Javel and Hq. 
sod. chlorinat.), or magnesiqm,^ zinc, etc. Whether such solutions be 
prepared by The double decomposition of bleaching powder with various 
salts, or by passing cWorinc into milk of lime, sodium carbonate, etc., or 
by the electrolysis of chloride solutions, the constituents are hypochlorite, 
chloride, free hypochlorous aci^d, and chlorate, with bases such as the 
alkalis or calcium ; the solutions ma^ also contain carbonate in addition 
to caustic alkali. 

The same constituents are present in the liquors which result Trom 
the electrolytic<^manufacture of caustic alkali or of chlorate, but the ratio 
between the various substances is very different from that existing in 
bleaching solutions. The same methocls of analysis are, however, 
applicable in both instances. 

James and Richey - have given a useful summary of the various 
methods of analysis adopted in electrolytic works. 

Available Chlorine. — In bleach solutions the determination of 
the available chlorine is in most instances sufficient; this is carried 
out as described under bleaching powder (p. 600). For a rapid works 
method of determining available chlorine in bleaching liquois dependent 
on measurement of pressure of the oxygen evolved by the reaction of 
hydrogen peroxide on the 'liquor, see Schrero.^ 

The available chlorine may be due either to hypochlorites or t© 
the free hypochlorous acid. The bleaching value is greater when 
the hypochlorous acid is free ; and the exceptionally great bleaching 
value of many liquors, especially electrolytic liquors, depends on 
this, so that it may be tiecessary to de^ermixie the quantity of free 
hypochlorous acid accompanying the hypochlorite salts in solution. 
Insoluble substances er material remaining undissolvcd, such as zinc 
oxide, calcium hydroxide, etc., may be takc-n to be without action on 
hypochlorous acid. Should the liquor be found to contain free base 
in solution, fre*" hypochlorous acid may be regarded as absedit \ it will 
only occur when all the basic material present has been saturated 

‘ /. Pharm. Chun., 1918 [vii.], l8, 260. /. Amer.'Chem. Soc., 1902, 24, 4%. 

* /. Eng. Cketn^, 1921, 13, 550 ; /. Soc. Chem, Ind., 1921, 40, S 7 f^ A. 
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by acid radfcals. The* various salts will, of course, be more or less 
hydrolytically or electrolytically dissociated according to thfe concentra- 
tion of the solution, but such dissociation is .without influence from the 
analytical stlindpojpt. • , 

Free Hypochiorous*Acid. — Ifl calculati6n shciild show that the 
quantity of base, the Na^jO, for insi«yice, in the case of a soda^solution, 
is insufficient to neutralise the wl^ole of Mie acid^ found (to form sodium 
*chloride!>, sul{:(Jiate, carbonate, and hypochlprit®), it m/fy be concluded* 
that free hypochlorous a^id is present. ^ 

A much simpler method ^epei\ds upon the fact that when a salt of 
hypochlorous acid reacts with potassium iodide, two molecules of the 
bas(f are liberated, whilst free h}^pochlofous acid only sets free one 
molecule of the base: — * * 

_ Na0Cl*+2l^I + H,0c=NaCH-2K0H + I,. 

HOC1+ 2 KI- KCl + KOH 4 - L. 

• • 

Consequently* if the liberated wdine be removed by titrating the 
solution with thiosulphate, the two products can then be distinguished 
by titrating wifli standard acid. Any alkali carbonate present in the 
original solution must of course be allowed for 0/ P* 

The separation of free Ifypochlorous acid by distillation, with or with- 
out the addition of other acids, is too uncertain to be of value. 

Lunge ^ has fleyribed a simple method for distinguishing between 
free chlorine and hypochlorous acid, based on their reaction with a 
neutral solution of potassium iodide; hypochlorous acid forms an alkr.li 
hydroxide, whilst in the case of chlorine the solution remains neutral, as 
shown in the following equations : — 

• I. CIOH- 1 - 2 KI-KCI + KOH + L. 

2 . C1, + 2 KI- 2 KCI + I.,. 

• 

^ ‘ In the first reaction the liberated iodine reacts with the potassium 
hydroxide to •produce varioils compounds, especially potassium iodate; 
this may, however^ be prevented by previously adding hydrochjoric 
acid in known quantity to convert the free alkali into potassium 
chloride ; it is then only^ necessary to titrate vyth standard alkali. The 
reactions in acid solution are* — 

\a. a0II + 2 KI + llCI- 2 K;Cl + L-t»II.,0.* 

2 ,/. Ci:+2Kl+lICI-2kCI?-I., + "llCI." •• , 

• 

That is, with hypochlorous acid one molecule of hydrochloric 
acid is ifbutralised for each molecule of hypochlorouf acid reacting 
with potassium iodide, whilst i« the case of chlorine the hydro- 
chloric ^aci3 ‘added remains unchanged. If, then, the solution be first 

• a 

Chem, Ind,y lS8l, 4, 193. 
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titrated with Njio thiosulphate solution, and then with/A^/io sodium 
hydroxide Solution, in la the volume of thiosulphate solution used will 
be equal to twice *the diFerence between the number of c.c. of N/io 
alkali jieqessary to neutralise the full quantity of acid originally added* 
and that now required to ’neutralise the excess of frse acid. In 2^, no 
such difference, will occur. Fo^r' intermediate cases it is easy to 
calculate the ratio between tfte t^yp^chlorous acid and chlorine, sinpe 
' for each c.c. I//10 hy»drocJiloric acid , neutralised, 2 c^p. iV/jo thio- 
, sulphate must Be allotted to hypochlorite. ^ 

This method is difficult of application dn the^ presence of free alkali 
or alkaline carbonate, but free chlorine is then, hardly likely to be 
present. ^ ' ** . *■ 

Chlorates may be 'determined by" first finding the available 
chlorine according Penot’s method, ard then this and chlorate- 
chlorine together, by boiling with ferrous sulphate and titrating baJK 
the excess oC the latter with 'permanganate, as described ‘on p. 598. 
The difference between the two figures so obtained gives the chlorine 
present as chlorate. The chlorine present as hypochlorite and chlorate 
may also be determined iodometrically, by boiling with strong hydro- 
chloric acid and collecting the evolved gas in potassium iodide solution 
{c/. p. 603). * . • ‘ ^ 

According to Winteler,’ the latter method is very inexact, but 
results accurate to within o*i to 0 2 per cent, arq obtainable by the 
ferrous sulphate method, provided the solution containing the hypo- 
chlorite and chlorate be added to the measured excess of ferrous 
sulphate solution and the mixture be allowed to stand for several 
minutes before heating, air of course being excluded. 

The direct method due to Fresenius - is preferable to the above; but 
more troublesome. The solution to be tested is treated with an excess 
of neutral lead acetate solution ; a precipitate is formed which gradually 
turns brown with liberation of chlorine, and, which contains a quantity 
of lead peroxide corresponding to the hypochlorite present : — 

Ca(OCI), + Pl)Cl,- PbO, + CaCi;-f /2L. 

The solution is allowed to stand for eight to ten hours, with frequent 
agitation, until all smell of chlorine ha5>' disappeared. The chlorine 
liberated reacts ivith the lead acetate solution to form lead chloride, 
lead peroxide, a^nd free acetic, acich The precipitate, consisting of the 
peroxide aifd chloride of lead, is filtered offend washed, the filtrate and 
washings concentrated by evaporation, and the contained Iqad and ^ 
calcium precipitated by addition qf sodium carbonate in slight excess ; 
the filtrate, which then contains the chlorate as the sodium salt, is 
evaporated and its chlorate content determined (p. 598). ‘ ^ « 

‘ ’ Z. angewVChem., 1903, 33- ^ *1895, 8, 501. 



BLEACHING SOLUTl^JS^S 613 

For Hquirs which* contain much hypochlorite toother with 
chlorate, such as electrolytic and other bleaching solutions, Ditz and 
Knopflmacher^ recommended estimating the chlorate iodometrically 
by decomposition «it the ordinary temperature with strong h)idrgchloric 
acid and potassiufh broftiide., Thf process, Vhich#is also suitable for 
the examination of chlorate liqu6i^, has been modified by^Ditz^ as 
ft)lIows. The apparatus employed js ^own ifi Fig. 214. The bottle 
a has a capacity of about ;500 c.c., and miay be dosed either by* 
the stopper oc by thtf headpiece as shiwn in the figure. The^ 
latter is providecf with a ditopping funnel, ano* with an absorption 
tube, e, • 

The volume of chlorate solutfon msefl for a determination should 
contain approximately o-i g! of chlo- 
rate, ^a^cfllated as K€ 10 ^« In dq^er- 
mining the chlorate in a mixture con- 
taining both chlorate and hypocljorite,* 
the volume take*n for analysis should 
be BO regulated that the total con- 
sumption of nJio sodium thiosulphate 
solution will be fgonr 40 to 50 c.c. The . 
measured volume of chl6r?fte liquor, 
together with 10 c.c. of a 10 per cent, 
potassium bromide solution, is intro- 
duced into the bottle, and after the 
absorption tube has been filled to two- 
thirds of its height with a 5 per cent, 
solution of potassium iodide, concen- 
trated hydrochloric acid is added from 
the dropping funnel d. If the volume 
of the chlorate solution does not exceed 
425 c.c., 50 c.c. of acid is added, and 
proportionately more if more than 25 c.c. are required for the analysis. 
The liberated bron^me is absorbed by the potassium iodide in ; to 
prevent the solution being sucked back into a, the stopper on the 
exit-tube of e is inserted. After the whole has been allowed to stand 
for five minutes, from 500 to 600 c.c. of distilled water are introduced 
through the dropping funnel, followed at a niodei%te rate by about 
20 c.c. of the 5 per -cent, ^potassium iodide solutic^i# If more than 
50 c.c. of hydrochloric acid have been used •for the decomposition, 
propoptiqpately more water must be added. The mixture is well 
agitated, the contents of the absorption tube blown over into a, 
thc^tube 4:Qgether with the hea*dpiece thoroughly washed, the latter 
replaced by the glass cttJpper, and the liberated iodine determined 
^ Z. anggw. Chem.y 1899, 12, I195. Chem. 1901, 2$, 727, 
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by titrationi with A710 thiosulphate solution/ If i c.c/^of the thio- 
sulphate solution equals a g. iodine and the volume required for the 
titration of the liberated iodine be d c.c., the weight of chlorate present, 
is given by the equation : — , 


g KCIO 3 = ax/>x - O’ I ^09 ^ ^ 


'and the quanthy of potassium chloride equivalent to, this by the 
^ equation : — ' ^ r ' 



When examining mixtures containing both hypochlorite and 
chlorate, the quantity' of hypochlorite pre^sent* must be determined 
previously and allowed for. 

Kolb and Davidson^ also*' carry out the determination at the 
ordinary temperature. They dissobie about o-o8 g. of the chlorate in 
10 c.c. of water, free from ajr, in a 500'c.c. flask, heat the .solution on 
the water-bath, and allow it to cool in a current of darbon dioxide; 
2 g. of potassium iodide and 50 c.c. of air-free hyckochloric acid of sp. 
gr. M2 are then added, the whole allowed lo stand for an hour, pro- 
tected from the light, diluted to 300 c.c. with boiled water saturated 
with carbon dioxide, and the liberated iodine finally titrated with 
sodium thiosulphate. 

M. Scholtz*^ reduces the chlorate to chloride with nitric acid and 
sodium nitrite, adds a measured volume of A^/io silver nitrate solution, 
and titrates back the excess with ammonium thiocyanate, using ferric 
ammonium alum as indicator. 

Hendrixson^ reduces the chlorate with metallic iron, and titrates 
the resulting chloride, after oxidising the iron with nitric acid. 

Knechf^ runs 50 c.c. of titanous chloride. solution (which must b‘q 
kept in an atmosphere of hydrogen as described in the section on 
“ Organic Dyes,” Vol. IV.) into 5 c.c. of strong hydrochloric acid in a 
conical flask in an atmosphere of carbon dioxide. Then 10 c.c. of the 
chlorate solution (containing about 2 g. per litre) ,is run in from a pipette, 
and after at least three minutes thiocyanate is added, and the excess of 
titanous chloride k> titrated by means of a standard solution of a ferric 
salt. , . 

Chloride-*fchlorine.---The chlorine present as chloride is most con- 


^ Z. angew. ChemU 1904, 17,^1883 ; 1905, 18, 1047, 1693. Cf, alsoDitz, rW., 1^5, 18, 1518. 
^ Arch. Pharm., 1905, 243, 353 ; /. Soc, Chem.Jnd.^ 1905, 24, 904. 

3 Amer, Chem.J.^ 1904, 32, 242. , * 

^ J. Soc, Ckem. Ind.^ 1908, 27, 434; New Reduction Methods in Volumetric Analysis^ 2nd 
edition, Loudon, 1918. > ^ " 
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veniently estimated in the following manner. The available chlorine is 
first determined by Penot’s method (p. 604), whereby it is completely 
converted to chloride, whilst the arsenite is o 5 cidised to sodium 
arsenate. l*he latter compound is an exceptionally good indicator for 
the silver nitrate tftratioft, and, it is unnecessary to ftiake any deduction 
for the excess of silver nitrate necessary to produce the coloration. It 
«i§ therefore only necessary ne^rly« to* neutralise the free alkali by 
cautious addition of nitric acid (a slight e>«:essPof alka'A is not harmful, 
excess of free acid is) aifd thgn ^o titrate wiSi silver* nitrate solution,, 
with good agitation, as described on p. 73, until the precipitate 
becomes red owing to the formation of a ismall quantity of silver 
arsdh^te. If preferred, the chloride 'may, of course, *bg determined 
gravimetrically. On deducting the chjorine corresponding to the hypo- 
chlorite alid chlorate •from the tgtal chlorine *as determined above, 
ttie quantjty of chlorine present as chloride in the original solution 
is obtained, , * • 

Carbonic Acfd. — In determining carbonic acid, the details given in 
describing the analysis of Deacon gases (p. 590) and of bleaching powder 
(p. 608) apply. Naturally, appreciable quantities 0/ carbonic acid 
cannot exist in breach solutions containii-vg calcium oxide or magnesia ; 
they may, however, be preserit in potash or soda bleaching solutions 
and in electrolytic potash and soda liquors. This carbonic acid may be 
determined by first? converting the hypochlorite to chloride by boiling 
with ammonia solution free from carbonate, allowing the boiled solution 
to cool with exclusion of carbon dioxide, and then determining the 
total alkalinity by titrating a portion of the solution with methyl orange 
as indicator. The alkali hydroxide is determined in a second portion of 
the solutioR after addition of barium chloride, as described on p. 526. 
The difference between the two titrations gives the amount of 
carbonate present. The carbonic acid ma)* also be obtained directly, 
ftfter decomposing the hypochlorite in the manner described above, by 
liberating it \^ith a strong ac'd and determining it either gravimetrically 
or gas-volumetrica 4 ^y^ (p. 82). Blattlier’s method (cf. w/ra) can. also 
be used. 

The determination ^f carbon dioxide in*prescnce of chlorine can 
also be carried out by the simplified Lunge- Marchlewski method 
devised by Lunge and Rittener.^ * • 

The apparatus employed is shown in*Fig. 215. Jke decomposition 
flask B has a capacity of about 30 c.c. ; it is fitted with a tap-funnel 
and capillary exit-tube D, which is cut off flush with the bottom of 
the rubber stopper in B. D is connected wiih the exit-tube of the 
BtK^e burfiV:e A, as shown ; the'ungraduated portion of the burette 
mtist be calibrated. * . 

* * Z. angew. Chem,^ 1906, 1849. 



616 THE^ (^CHLORINE INDUSTRY 

To C2irry out a determination, sufficient substance or solution is 
introduced into B to evolve not more than 6o c.c. of gas ; t) is then 
connected with the burette, the taps E and F opened, and the whole* 
evacuated by attaching an ordinary pump to F. This tap is then 
closed and connected with the .pressure-bottle G, charged with 
saturated brine^ which is used ^as the confining liquid in place * 
of mercury. A little of the brin^ t allowed to enter the capillary 

portion of the bottom 'of the 
nitromc' .er, as a check on any 
possiole leakage, and the tap F 
again closed. 

The substance in B is <nen 
decomposed by adding hydro- 
chlori(f acid, drop by drop; from 
the tap-funnel C ; when the evo- 
lution of gas slackens the con- 
tents of B are heated, and the 
complete evolution of the liber- 
ated gases is facilitated by the 
addition of froifi 2 to 3 c.c. of 
hydrogen peroxide ; on again 
heating, the evolved oxygen 
drives out all 'the dissolved gas. 
The burette is then disconnected, 
allowed to stand for about twenty 
minutes and the volume of gas 
read, after adjusting the pressure 
by means of the bottle G. After 
taking the reading, a measured 
excess of an Nj 10 sodium arsenite 
solution^ is added, through the 
burette funnel, to absorb the chlorine, and any portVon adhering 
to the funnel washed in with a^ little water ; tins* solution floats on 
the heavier solution of brine. The carbon dioxide is then absorbed 
by sodium hydroxide solution introduced through E ; as all the chlorine 
hait been previously removed, no chlorate can be formed during this 
absorption. Whe^i th^ absorption is complete the residual volume of 
gas is read, which, deducted from the original reading, gives the 
volume of carbon diox'ide and chlorine, after correcting each reading 
for temperature and pressure; the vapour pressure of the Ijrine may 
be taken as 80 per cent.*of that of pure water. 

To determine the chlorine, the prbssure-bottle is detached, and^the 
con tent j of the burette are washed out into 'a* beaker, acidulated wUh 
hydrochloric acid* an cxces^ of sodium bicarbonate* added, and the 
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unchanged arsenite titrated with Njio iodine solution. The volume 
of carbon dioxide collected is then calculated by difference. 

Bases. — As regards the bases, should* only one bfc present, as 
is usual, the total quantity may be determined by conversion to 
sulphate by evaporatingVith*sulpl-uric acid. CalcAim and magnesium 
may also be determined as oxalate and pyrophospl'^ate respectively, 

• ^fter first decomposing the h}ii3o«hlorite by boiling with a strong^ 
acid. • • • ' ' 

Alkali Hydroxide anftl Carbonate.— BlattfncrJ describes the follow-* 
ing neat method for •deterntining^these constituents in Eau de Javel. 

It depends upon tne fact that^ phenol phtkalein preserves its red 
coloilr in hypochlorite solution so long*as alkali hydroxide/s present, but 
that the colour is destroyed by free cljorine as soon as all the hydroxide 
jias been*removed, aAd ffoes no^ return on the further addition of 
free alkalj. Ten c.c. of the bleach liguoJ' is diluted with 150 c.c. of 
previously boiled distilled watei^ a few drops of a i per t:ent. alcoholic 
solution of phcnolphthalein added, and the solution then titrated with 
norfhal acid, c(^ntiiuious agitation being maintained during the addition 
of the acid. The whole of the alkali hydroxide is neutralised when the 
coloration produced* by the addition of af fresh dj-op of phcnolphthalein 
solution disappears on shal^ing the solution for five seconds. Each i 
c.c. of normal ^cid used corresponds to 0-03100 g. Na.^O or 0-04001 g. 
NaOH. The total alkalinity, NaOH + Na.^COg, is determined in a second 
portion of the liquor by boiling with ammonia until the hypochlorite 
has been decomposed and all unchanged ammonia driven off, and then 
titrating with acid in the usual manner. The above methods are 
especially suitable for the examination of caustic potash or caustic 
soda soliftions produced electrolytically, which usually contain 
hypochlorite. 

The following is a very simple metht)d of determining the free 
•alkali. A small quatftity of chemically pure, neutral hydrogen 
peroxide is* added to the solution to decompose the hypochlorite, 
according to the Equation NaOClq^H.^O., = NaCl-4-02+ H^O, and the 
sodium hydroxide and carbonate present are then titrated in the usual 
manner {cf. p. 526). <(In ^his connexion, see also Orton and Jones, , 

p. 608.) =* 

H. V. Huber” has described a method ^r the examination of 
electrolytic liquors tvhich*contain chronfate. Phcnolphthalein is, in this 
case, unsuitable as an indicator for the fre^ alkali present ; methyl 
orange, Jiowever, gives a perfectly sharp colour chaise at the point 
where potassium chromate is converted into tiie bichromate. If, there- 
ilie tfhromate ^ontent is known, it is only necessary to deduct from 

• 1 Lunge* Su/phurtc Acid and Alkali, vol. iii., p. $01. 

2 /. Ekctrochem., 1 901 , 7, 396- 
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the total aciid required for titration the quantity necessary to convert 
the chromate into bichromate. If the quantity of chromate present is 
not known, the chromate is precipitated by addition of barium chloride; 
and th<^ solution then titrated with acid. Wherei the quantity of 
chromate present is small, it is not n^cessg.ry to filter ihe solution before 
titrating., Any hypochlorite or fr;ee hypochlorous acid in the liquor 
must first be removed ; this may.be dor e without affecting the alkalinity, 
by addition of neutral sodium sulphite or of sodium thiosulphate. If 
sodium sulphite be used, an excess miist.be avoided, since with methyl 
orange the colour change only occurs when such 'excess has been con- 
verted to the acid sulphite which involves the consumption of the 
corresponding quantity of acfd. ' * ' 


III. Potassium Ciiloratk 

The potassium chlorate of comnierce is usually alinost chemically 
pure, and contains only a ve-.y small trace of chloride, the quantity of 
which should not exceed 0-05 per cent. For this reason it is necessary 
to take a somewhat large quantity of chlorate, ‘say 50 g., for the 
determination of the chloride. The chlorate is dissolved in distilled 
water, and the chloride precipitated by addition of silver nitrate solu- 
tion, The distilled water employed must be perfectly free from 
chlorides. The chlorate should dissolve without residue, and the 
solution should not be coloured by organic matter. Ammonium 
sulphide should not produce any coloration, indicating the absence 
of iron, manganese, or lead. Gamier^ found arsenic in potassium 
chlorate. « 

Potassium Nitrate only occurs in potassium chlorate as an 
adulterant. It cannot be detected by fusing the chlorate and 
examining the melt for alkalinity, as pure |vOtassium chlorate gives c 
an alkaline reaction after fusion. The following icactiohs are most 
satisfactory.” 

One g. of the salt is heated with 5 c.c. of sodium hydroxide solution ; 
should ammonia be evolved, indicating the presence of ammonium salts, 
the ^solution is boiled until all ammonia has been expelled. The 
solution is then cooCed, q;5 g, of zinc filings and iron powder added, and 
the whole again hefjitcd. Any ^ammonia then libe»ated is due to the 
presence of nitrate. Acoording to Scholvien,^ the potassium chlorate is 
heated until the residual potassium chloride has also been brought to , 
fusion. The melt is dis^^olved in water, and the solution treated with 

^ Fischer's Jahresber.y 1885, p. 260. ^ 

^ Krauch, The Testing of Chemical Reagents foF Purity^ 

3 Apolfi Zeii.y 1887, 408. 
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dilute sulphuric acid foflowed by zinc iodide and starch solution. The 
coloratiorf produced should not be sufficient to render the solution 
opaque. A faint blue coloration is permissible, since with.o-oi per cent, 
of nitrate the colgur produced is so intense that the solution ]s quite 
opaque. • * ^ ^ ^ 

A quantitative determination oj* the chloric acid in commercial 
^ ohlorate is scarcely ever undert^kep, ojR^ing tothe small amount of im- 
purity present ; it may, howev.er, be carried oujt as described on p. 598/ 
This determination woul^ be necessary for trie indirfcct estimation of 
sodium and potaSsiuHa chlorate in a mixture of /he two salts ; so far 
-•--u however, appear to occi^r in practice. 

* . • 

* 

^ IV* Liquid Chlorine* 

The following physical properties of liquid chlorine are given by 
A. Lange.^ ^ • 

• Specific gravity at o"'; 1-469; i5%i-426; 30", 1-381. 

Vapoflr pressure at 0°, 3-7 ; 15'’, 5-8 ; 30', 8-7 atmos. 

One kilo cori^sponds to^a volume of 316 litres measured at o'" and 
760 mm. pressure. 

Critical ttmperature, 146°. 

Critical pressure, 93-5 atmos. 

Boiling-point at 760 mm., — 33''-6. 

Melting-point of the .solidified ga.s, — 102". 

’According to M. Fellaton,“ the density of liquid chlorine is 
represented by the formula: <'/=<^-f/>»(i44-^^)4-c^i44— 7 , in which 
^ = 0687014, /; = o-ooo2379, and 6' = o-o622i09. lie finds that the 
critical temperature is 1^4 and the critical pressure 76- 1 atmospheres; 
*and that theg:lensity of the«6aturated vapour can also be obtained from 
the above formula u^iyg = o-4<S2 19,/^ = 0 00245 1, r — 0 068526. 

The chemical t^amination of the gas from the cylinders can 
be carried out by the methods for examining electrolytic chlorine 
(p. 591). * • 

^ Tasihenlmch. d. Berliner Bezirhvei eme$ Deutsclier Cli^}iukerf\Zf)%-^% p. 82 . 

/. Chwu Phy<i.^ i9i5)I3, ^ • 

• ' • 
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Vapour Pressure and Specific Gravity of Liquid Chlorine. 



R. Knietsch.' 



Temperature. 

t. Vapour Prossiiro. 

Spec.ilc GravllJ'. 

Moan Coofllcion 
of Expansion. 

-88"C. 

- 0 

37*5 mifii. c 



86 ^ 

45*0 „ 



80 

" 62-5f „ 

1*6602 


75 

,88-0 „ 

'1-6490 . 


70 

' ' 118 

1-63S2 


65 

159 

‘ 1*6273 


60 

;]io 

1-6167 


55 

275 , „ 

1-6055 

U-001409 

50 

350 

l'i5 

1*6945 


45 

1-5830 


40 

560 ,, 

1*5720 


35 

705 ,, 

1-5589 


33*6 

760 

1-5575 


30 

1*20 AUu. 

1-5485 


25 

1-50 „ 

1 -5358 


20 

1*84 „ 

1-5230 


15 

2-23 „ 

1-5100 

0-001793 

10 

i 2-03 ,, 

1-4965 


5 

1 3-14 „ 

1-4830 


0 

! 3-66 „ 

1-4690 


-1- 5 

i 4*25. „ 

1-4548 

|0-001978 

10 

; 4*95 „ 

, 1 -4405 

15 

5-75 „ 

1*4273 

1 0-002030 

20 

' 6*62 „ 

1-4118 

25 

7-63 „ 

1-3984 ^ • 

j 0-002190 

30 

8-75 „ 

1-3815 

35 

9-95 „ 

1 -3683 

jo-002260 

40 

11-50 „ 

1 -3510 

50 

14-70 ,, 

1-3170 

j 0-002690 

60 

18-60 „ 

1-2830 

70 

23-00 „ 

1-2430 

j 0-003460 

80 

28-40 ,, 

1 -2000 


90 

31-50 „ 



100 

41-70 ,» 



110 

50-80 „ 



120 

60-40 „ 



130 

71-60 „ 



146 

; 93-50 „ 

Critrt-al point. 
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CYANOGEN COMPO.UNDS' 

• • ‘ ^ 

By Herbert E. Withinj^^ton, Manchester 

I 

the technical methods of detection and estimalirjn adopted in 
general practice and in the indiistr,v are, described in the following 
^ectiofi ; file methods *selftted bewig those which combine speed with 
accuracy. . 

For details of the methods* of preparation and manufacture, the 
physical and ‘chemical properffes of these compounds, and for 
alt^native me^thods of estimation, the ge^ieral chemical literature and 
special books on the subject should be consulted. 

The general ^^hods of estimation will be (^lescribed first in detail, 
followed by an account of thb special modifications required in applying 
the general method to particular commercial products. 

It will be noticed that cyanide, fcrrocyanidc, ferricyanide, nitro- 
ferricyanide, and thiocyanate can each be estimated by a final titration 
with standard silver nitrate solution. Owing to the ease and accuracy 
with which the silver nitrate solution can be standardised, it will be 
found of advantage to adopt the methods based on the silver nitrate 
titration. •These methods have the further advantage that they will 
be found simple, easy of manipulation, and accurate, and at the same 
time only one standard solution is necessary. 

• • 

SIMPLE CYANIdV.S AND HYDROCYANIC ACID 

Cyanides appear *in the market mostly as the sodium or potassium 
salt, the former now ^rapidly supplanting ^he latter. A considerable 
quantity of hydrocyanic acill was manufactured for war purposes, Imt in 
normal times a comparatively small quantity of thij compound, and of 
certain simple double cyanides which.are used in pedicine, etc., are 
produced on a*manufacturing scale. Sodium cyanide i^'^nanufactured 
^chiefly W the following processes : — 

I. 6^y passing dry ammonia tjirough heated met&llic sodium and 
,^en adding carbon. • 

•i Vf By* fusing Anhydrous sodium or potassium ferrocyanide with 
metalKc sodium. 

<521 , 
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! 

3, By recovery of hydrocyanic acid from the gases obtained in 

the dry distillation of beet residues in specially constructed 
furnaces, ^ 

4. By fusing calcium cyanamide with sodium chloride -or carbonate 

and carbon. '• 

Recently a process has been patented and a plant erected in 
America for the manufacture of sodium cyanide by passing nitrogen 
over a heated mixtur^ oi sodium c'arbon^te, carbon, and finely 
divided iron, moulded into the form of briquettes, the finely divided 
iron acting as a catalyst. This process has yet to prove a serious 
competitor with the olde^. processes mentioned above. 

The chief use of sodii^m cyanide is for the extraction of gold from 
its ores ; but of late years an incr'^asing amount of cyanide is consumed 
in America as an insecticide in agiiculture the cyanide is convert^A 
into hydrocyanic acid where required. 

Detection , — Hydrocyanic acid and the simple alkaline cyanides may 
be detected in solution by .several well characterised reactions, the most 
important of which are ; — 

1. The solution is made alkaline with sodium or potassium hydroxide 
and the mixture warmed with a few drops of a solution of ferrous 
sulphate. The cyanide is converted into ferrocyanide, which may be 
recognised by slightly acidifying the mixture and adding dilute ferric 
chloride solution, when a deep blue precipitate of ferric ferrocyanide 
will be formed if a cyanide is present in the original solution. 

If the solution is very dilute, it should first be made alkaline with a 
little sodium hydroxide — avoiding excess — and evaporated down to a 
small bulk before testing by the method described above.^ 

2. A small quantity of hydrocyanic acid or alkaline cyanide may be 
detected by acidifying the .solution with tartaric acid and gently 
warming. The vapour which is evolved is allowed to act on a drop of 
ammonium sulphide (containing polysulphide)' on a watch-glass. The 
drop is then evaporated carefully to dryness, taken up with a little 
water and a drop of a dilute solution of ferric chloride added ; a red 
coloration shows the presence of a thiocyanate formed by the action 
of the hydrocyanic acid on the ammonium j:)olyLulphide. For this test 
ferrocyanides should be absent. 

3. Cyanides in .he s^lid state may be detected by gently fusing the 
solid with anhydrous sodium thiosulphate. By this means any cyanide 
present is converted into the thiocyanate, which may be detected by the 
red coloration oroduced on the addition of ferric chlorid*^ to the"" 
acidified solution of the fused sak. Ferrocyanides and the double 
cyanides generally will also give the above reaction. 

^ ^ G. P. Lander and E, Walden, Analyst^ iQllj 
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Hydrocyanic Acid 

Hydrocyanic acid is too weak an acid t© respcfnd to* an indicator, 
and therefore canaot be directly titrated with standard alkaM solution. 

^ If, however, an ej^cess c/f mercuric chloride solutian is added, hydro- 
chloric acid is liberated with formation of mercuric cyanide,^: — 

, ^ 2lICN + HgCi;==iHCl + Hg(rN),. ,, 

The liberated hydrochloric acid is readily titrated ^with standard alkali, , 
in the usual manner. ^ . . 

To a measured quantity of the solution containing not more than 
I p'fep cent, of hydrocyanic acid, an excess of a neutral solution of 
mercuric and sodium chloricies — containing 27*1 g. HgCl, and ii7g. 
NaCl hi 560 c.c. of watsr— i*s added The solution is then titrated with 
A[io alkali solution, using iodocosin or other suitable indicator. Each 
c.c. of A710 alkali = 0-0027 g. HCJS^ (if. p. 624). j 

Free hydrocydiiic acid in the absc'hce of other cyanides mg.y be estimated 
by ryeutralising the acid with a slight excess of sodium hydroxide, 
adding a few chops of potassium iodide solution, apd titrating the 
solution with A/70 ‘silver nitrate solution until the first appearance 
of a permanent opalescence.^ 

In the presence of an alkali cyanide^ a portion of the solution is first 
titrated with silvep nitrate solution with no other addition than a few 
drops of potassium iodide, A second and equal portion of the solution 
is neutralised with sodium hydroxide and then titrated with the silver 
solution after the addition of potassium iodide. The amount of silver 
solution required in the first titration is equivalent to the alkali 
cyanide present, and in the second to the alkali cyanide plus the 
hydrocyanic acid. Thus the difference of the second and first results 
gives the volume of alkali equivalent to the hydrocyanic acid. Each 
<:.c. of A/ 10 silver nitrate.-- 0-0098 NaCN or 0-0054 HCN. 

The hydrocyanic acid hi cherry laurel ivater and bitter almonds is 
present partly in. the free state. And partly in combination .with 
benzalclehydc as a glucoside, and may be estimated by the following 
method"; — 20 c.c. of a neutral solution of sodium sulphate (in which the 
bcnzaldehyde cyanhydrin is' insoluble) is introduced into a separating 
funnel and 10 c.c. of the solution to be examiyed rxkied, followed by 
50 c.c. of cther^anduo drops of a«o-2 ^per cent, alfciliolic solution of 
iodoeosine. The solution is then made just neutral, mercuric chloride 
^oluticm is added, and the mixture well shaken. The aqueous solution 
is run off into a beaker containing distilled water, *and the liquid 
* » ^ * 

^ jr • L. Rosenthuler, Arch. Pharm.y 1910, 248, 529 ; /. Chem. Soc., 1910, 98, l lig. 

^ L. Roscnth||er, ioc, ctl. I 
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remaining in the separating funnel h washed wUh some sodium sulphate 
solution, the aqueous solution, which contains the hydrochloric acid 
equivalent of the free hydrocyanic acid, is then titrated with N/io alkali. 

The total hydrocyanic acid, both free and combined, may be 
estimaled by adding a known excess of A^/io alkali 'nydroxide solution 
and a few drops of indicator to a measured quantity of the liquid., 
Mercurwchloride is then added, and the excess alkali titrated with Nfi 6 
r sulphuric acid with vigorous shaking, ' c 

The total hydrocyanic kck\ in the "solution taken is obtained by 
''subtracting the number of c.c. of TV/ lo- acid 'used from the volume of 
TV/io alkali originally taken, and multiplying the result by o-cx)27. 

Hydrocyanic Acid nulybe estimated in the presence of Cyanogen by the 
method pro^yosed by Rhodes,^ which depends on the fact that 
hydrocyanic acid reacts with si’wer nitrate in solution to precipitate 
silver cyanide, whereas with cyanogen no reaction takes place. ' 

The gases containing the two compounds, or the vapours from the 
solution, are'passcd through two absorption flasks, the first containing 
10 c.c. of a 10 per cent, solution of silver nitrate, acidified with a drop of 
dilute nitric acid, and the other lo c.c. of iV/5 potassium hydroxide 
solution. '* 

In the first flask al’-the hydrocyanic acid is absorbed and precipitated 
as silver cyanide, which may be filtered, washed, and estimated. In the 
second flask the cyanogen is absorbed, and rcacti=. with the alkali 
hydroxide to form equivalent amounts of cyanate and cyanide, thus : — 

(CN), + 2 KOFI - KCN + KCNO + H, 0 . 

The cyanide may be estimated by washing out the contents of the 
absorption flask into a beaker and titrating the solution with TV/io 
silver nitrate. One c.c. of TV/io AgNO.^ — 0 0104 g. cyaivogen. 

Alkali Cyanides, 

The simple alkali cyanides arc best determined by titrating with 
stan'dard silver nitrate solution. This methoA, •'vvhich is a modifica- 
tion of that first proposed by Liebig, is the one usually adopted in 
technical practice, as it nas the advantages oV speed and accuracy. 

<'“The gradual addition of a solution of silver nitrate to a solution of 
an alkali cyanide forfiis silver cyanide, which at first dissolves in the 
excess of alkali 'cyanide to form a soluble double salt, t?hus : — 

2NaCN + AgNOg = NaAg(CN), -f NaN03. 

« 

A further addition of silver nitiatc solution after this stage of the 
reaction has been reached produces a permanent ppalescenCt dqa^-'D^Jthe 
^ J. Inf Eng, Chem.^ 1912, 4, 652. 
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precipitation* of silver •cyanide iti a finely divided stat% The first 
appearan:e of this opalescence indicates the end-point of the reaction. 

The method is carried out as follows: — A few dj;ops of a solution of 
sodium or pfjtassium hydroxide are added to a measured volume of the 
solution to be estiryated ^containing cyanide cquivaknt to o-f tcTo-i5 g. 

• of HCN) to neutralise any f{ee hydrocyanic acid, followed by a few 
(Jfops of a 10 per cent, solution of potassium iodide. A^/io sil^^r nitrate 
‘solution is then slowly run in from a burette, the liqui^ being agitated,* 
until the solution shows ^ faint opalescence wlilch remains permanent 
after agitation and stMidiiig a Short time. The firlt appearance of this* 
coalescence may be more readily observed if the liquid is viewed against 
a blgL^k background. • , ^ , 

The silver solution may -be added fairly^ rapidly at first, and then 
with gji’cat^r care as the precipitate redissolves rgore and more slowly. 

^ ‘•Sulphides and free amfnonia mi 5 st be absent from the solution, and 
excess of Alkali hydroxide should be* avoided. Haloid salts do not 
interfere with tli^ reaction ; in f?ict, the potassium iodide is added to 
render the end-point more distinct, and to prevent high readings due 
to the presenc* of certain salts such as ferrocyanides or of excess of 
alkali hydroxides. ^ * 

The estimatiefh of cyanides in the pre'sence oi hydrocyanic acid has 
been described under hydrocyanic acid (p. 623). For very dilute cyanide 
solution iV/ioo silver nitrate should be used. Each c.c. of the N/10 silver 
nitrate solution —0 0054 g. IICN, 0-01302 g. KCN, or 0-009(S g. NaCN. 

The simple double cyanides such as those of zinc^ cadmium^ nickel^ 
copper, mercury, silver, etc., are best estimated by distilling a weighed 
quantity or a measured volume of the solution with dilute sulphuric 
acid, to which some sodium chloride is added if copper, mercury, or 
silver is present. The evolved hydrocyanic acid is passed through a 
condenser into a solution of sodium hydroxide. When all the hydro- 
cyanic acid is distilled off, the dilute cyanide solution in the absorption 
flask is poure^l into a beakar, and the condenser and flask washed out 
with distilled water. The cyanide solution is then titrated with A^io 
silver solution in th?; tnanner described above. 

The double cyanides of zinc may be estimated by direct titration 
with standard silver nitrate solution if sufficient sodium hydroxide is 
added. ^ 

The use of a stat^dard solution of a jnercury or nickel salt has been 
proposed in plaCe of the standard solution of silver fiitrato^ but with no 
advantage. 

• Certafli cyanides, such as, for example, mercuric •cyanide, zvkick 
ionise but slightly in aqueous solution, cannot 6e estimated by Liebig’s 
v-^ljfiflttric ^method ^s no reaction takes place on addition of the 
standard silver solution. If the solution k made alkaline witjf sodium 

2 R 
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or potassiupi hydroxide, and alurl^inium powder added slowly with 
agitation, the whole of the mercury is precipitated ; the cyanide can 
then be titrated by,jLiebig’s method in the filtered solution.^ 

The estimation of cyanides in the presence of ferrocyajiides is best 
carried out by the method proposed by W. Feld. A measured volume 
of the solution containing the cyanide is' placed in a distilling flask, an 
excess oTa solution of magnesium'^chloride added, the whole diluted tp 
"300 c.c. and distjjled, the vapours being passed through a condenser into 
a solution of sodium hydroxide. The cyanide solution thus obtained 
is titrated with Njit siWer nitrate. < 

The magnesium chloride reacts with the alkali cyanide forming 
magnesium cyanide, which hydrolyses on boiling into magnt^f^um 
hydroxide and hydrocyaic.ic acid which distils off : 

2HP + MgO. + 2NaCN - Mg{OII), -}- 2ITCN + 2NaCl. 

If sulphides are also present, hydrogen sulphide will be driven off 
with the hydrocyanic acid, owing to tne hydrolysis of the magnesium 
sulphide, and condensed in the alkali hydroxide solution. An 
equivalent amount of lead* nitrate is therefore substituted for the 
magnesium chl6ridc. The sulphide is thus retajned in the still as 
black lead sulphide. • * , ^ 

A small (quantity of alkali cyanide may be estimated by first 
converting it into ferrocyanide, by warming the solution with suflicient 
ferrous hydroxide and an alkali. A slight excess of a ferric salt is then 
added to the acidified solution, and the Prussian blue suspension 
formed matched against a freshly prepared standard made from a 
known quantity of potassium ferrocyanide. 

If the cyanide solution is very dilute, it is acidified with hydrochloric 
acid and the liberated hydrocyanic acid extracted by snaking the 
solution with ether in a stoppered separating funnel. The ethereal 
solution is then shaken with dilute sodium hydroxide solution, and 
the resulting cyanide titrated with Nl\QO silver nitrate solution. 

Commercial Cyanide 

The cyanide of commerce may contain certain other salts as 
impurities, the arnount and nature of which depend largely on the 
method of manuiactufe. The chief impurities likely to be present 
are carbonate, hydroxide, chloride, sulphide, cyanate, and possibly 
cyanamide, ferrocyanide, formate, silicate, thiocyanate, etc. 

Although practically all the cyanide consumed in the gold extraction 
industry at the present time is the’ sodium salt, it is still {he general 
practice to calculate the percentage of cyanide on the basis oi C:e 
• * V. Borelli, Cazz, Chim. Ilal.^ 1907, 37, 429. 
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"commercial cyanide 

• I • • 

potassium salt; thus pure sodium! cyanide would be sol4 as 132 per 
cent. KCN, and cyanide of, say, 100 per cent. KCN may contain a 
considerable percentage of impurities such sodium carbonate, etc. 

Ten g. o{ the jample is carefully weighed out, dissolved in distilled 
water, and diluted^to lOQO c.c. The distilled* water^used shpulcfbe well 

• boiled and cooled to free it from dissolved carbon dioxide and other 

gases. * • . * • 

# ^ ^ # 

1. Cyanide. Twenty-five ^c.c. of the^ajDO^ve solu^on is measured 

into a beaker flask of ^^00 to ^250 c.c. capacity, diluted with cold 
carbon dioxide— 4 ‘ree distilled water, a few drop? of a 10 per cent* 
Elation of potassium iodide added, and ^ith Nj 10 silver nitrate 
solution run in until the first appearanoe of a slight. but permanent 
opalescence. The presence of chlorides lor thiocyanates does not 
interfere *vith this titratign, but suTphides m4ist be absent. In the 
*pr«sence of the latter the* solution*must be shaken with a little freshly 
precipitate*d lead carbonate, filtered, and the prccipitaj^e thoroughly 
washed. The filtrate is then titrated in the manner described. 

T^his method is both rapid-and simple;, and if carefully carried out 
is very accurate. The cyanide may if desired be estimated gravi- 
metrically as silveu cyanide, but this method is rnore tedious and 
has no advantages over*tbe titration method. Moreover, chloride, 
thiocyanate, or other salts capable of forming a silver salt insoluble 
in nitric acid s^l^^tion, will be precipitated with the silver cyanide. 
The precipitate is purified after washing by boiling it with mercuric 
acetate, when the silver cyanide is converted into mercuric cyanide and 
silver acetate. The silver in the filtered solution — which is equivalent 
to the cyanide originally present — may then be estimated by pre- 
cipitating and weighing as silver chloride. 

2. Chloride. For this estimation the whole of the cyanide must 
first be removed. One hundred c.c. of the^ cyanide solution is placed 
Jh a distilling flask, acidified with a slight excess of acetic acid, and 
distilled gentiy through a t:ondenser into sodium hydroxide solution. 
When the distilla^on is complete, .the liquid is washed out of the 
distilling flask, neutralised with a slight excess of ammonia, and 
evaporated to dryness on the water-bath^ or till free of ammonia. 
The residue is dissolved in distilled water, a few drops of potassium 
chromate solution added, and the solution titj'atedg with JV/io silver 
nitrate, using potassium chromate, as indicator. Qne c.c. of Nj 10 
AgNOg = 0-003*546 g. Cl or 0-005846 g. NaCl. • 

In,the known absence of cyanate or thiocyanate, the following rapid 
method may be adopted. To 50 0/ 100 c.c. of the cyatiide solution is 
added a ^Ijght excess of chlorfde-free zinc sulphate solution. The 
c^pftide, carbonate, iTydr^xide, sulphide, and ferrocyanide will then be 
precipitated as iitsoluble zinc salt. The rrfixture is dHuted to a*definite 
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volume. Fijtor off an aliquot parif and titrate with Njio AgNOj as 
above. i 

Another pietho(l due to K. Polstorff and H. Meyer ^ depends on 
the formation of a compound of hydrocyanic acid pnd fprmaldehyde 
which IS not precipitated' by silver nitrate. To tly^ cyanide solution 
containing about 0-5 g. of the originfil sample is added a slight excess of' 
sodium Hydroxide, and «then 2f} to 30 drops of a 40 per cent, solution 
t)f formaldehyde (free from chloride). After standing a few minutes, 

5 c.c. of strong ‘•nitric acid is added and the chloride titrated with 
’A/io silver nitrate.'' ‘ • ' ( ' ' 

3- Carbonate. To 100 c.c. of the cyanide solution is added an excels 
of barium nitra^^e or chloride folution, when the whole of the carbonate 
will be precip*(tated as barfum carbonate. ‘ The precipitate is allowed to 
settle for an hour in the cold, out of contarjt with the air, then Altered 
and washed with recently boiled distilled water. The insoluble carbonate 
is transferred^o the beaker in which it was precipitated, distilled water 
and a few drops of methyl orange solution added, and Uie whole titrated 
with standard iV/io nitric or^hydrochlorh: acid. , 

One c.c. of AVio acid =0-0053 g- Na.^CO.^ or 0-0069 i*-g. 

4. Alkali Hydroxide. The alkali hydroxide, together with the 
carbonate, may be estimated in the following manner: — 100 c.c. of the 
solution of the sample is diluted to 200 c.c. with freshly boiled distilled 
water, and a known volume of A'jio sulphuric acid ?dtled, sufficient to 
neutralise both the carbonate and hydroxide present, and to liberate a 
little hydrocyanic acid from the cyanide. 

The hydrocyanic acid liberated corresponds to the excess of standard 
acid over that required to neutralise the hydroxide and carbonate. It 
is converted into an equivalent quantity of hydrochloric acid by the 
addition of an excess of mercuric chloride, and the free acid then 
titrated with Nj 10 alkali, using methyl orange as indicator. The excess 
of acid thus found, deducted from the total acjd originally added, gives, 
the amount of acid required to neutralise the hydroxide and carbonate 
together. From this figure is thcvi deducted tho ac{d equivalent to the 
carbonate present, as determined by the method dekribed above. The 
remainder multiplied by 0-004 will give the weight of hydroxide in the 
cyapide taken, calculated as sodium hydrokide. 

The hydroxidf mav also be estimated by a modification of the 
method describe/i by Clenclf- To 100 c.c. of the cyanide solution 
standard silver nitratCc solution is gradually added until a faint but 
permanent opalescence appears ; an excess of barium nitrate i^ then 
added to precif)itate the carbonate, the solution filtered ancl washed 
with carbon dioxide-free distilled water. The filtrate is tlj,Qn titrated 

^ ^ Z. anal. Chem., I912, KI, 60I. ' ’ * 

• Ch;?n. l^ews^ 1895, 71, 93- Chemulry of Cyanuie Soluiioth^ p. 63. 
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with decinofmal acid, 'using phelolphthalein as indicator. One c.c. 
of N/io acid = 0 004 sodium hydroxide. # 

Accurate results are said to be obtaine^l by titrating the cyanide 
solution conjainirjg the hydroxide with Prussian blue susp^sion.^ A 
measured volume,of the^ cyanide solution i# titrat^pd with^Jv/io silver 
• solution to faint opalescence* and barium nitrate solution added to 
precipitate the carbonate. The r^suUing solution after fiTtration is 
warmed to ^30° or 40'' C. and titrated \^ifh^ standayJ Prussian blu 5 
suspension until a faint blye colour remains pewnanent.* The suspension 
is of course well ‘shaken before uge. The Prussi^?n blue suspension is 
Prepared by adding ferric chloride to a large excess of potassium ferro- 
cy?«vde, washing the precipitate +)y decantation as nuich as possible, 
diluting to a definite volunrre and standardising againsf a solution of 
sodium h^^droxide of kno\vn strengtlf. • 

* • This method is very sfmilar to tlie one described above, the Prussian 

blue susp*ension being substituted fo» the standard ac^d. It has no 
apparent advanfegc, and undoubtedly requires more care and prepara- 
tion^with an accuracy somewhat problema|ical. 

5, Cyanatos. The estimation of cyanates is based on the decomposi- 
tion which these salts undergo when boiled in aqueous solution with a 
mineral acid, wh&reby ammqnia and carbon dioxide are formed : — 

HCNO -I- U.fi = NH3 + COo. 

To 100 c.c. of the cyanide solution dilute sulphuric or hydrochloric 
acid is added in slight excess and all the hydrocyanic acid has 
been boiled off in a draught chamber. The cyanide is evolved as 
hydrocyanic acid with the steam, while the cyanate is converted into 
ammonia and carbon dioxide, the former remaining in solution in 
combination with the mineral acid. When the reaction is complete, 
the solution is washed into a distilling flask^ excess of sodium hydroxide 
Solution added, and the^ ammonia distilled through a condenser into 
a measured ^excess of standard acid. The excess of acid is titrated 
with standard alkgili. Each c.c. of ^cid neutralised by the ammonia 
= 0-0065 g. NaCNO’or o-oo8i g. KCNO in the weight of sample taken. 

6. Sulphide. An excess of freshly precipitated lead carbonate is 
added to 100 c.c. of tlic cyanide solution and the mixture thoroughly 
agitated. The lead sulphide and the excess of l^ad carbonate are 
filtered off, washed .thoroughly, trcVisf(yred from th^ filter paper to a 
small dish, and*evaporateS with an excess of iytric*acid 1» oxidise the 
lead ^ulphide to sulphate. When the excess of nitric acid has been 
*ilriven off, a little water is added, the precipitate filtered and thoroughly 
washed, ^pd the lead sulphate •weighed in tlie usual manner. Each 
^^'bSO^ = 0-2575 1 N42S. 

• A. Shland, Thorpe’s Diet, Appl.^hem,^ 1910, v8l. i. 
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A modifij^ation of the above metl|^d has been proposed by T. Ewan.^ 

A solution of lo g. of the sample dissolved in a small quantity of water 
is titrated with a standard solution of lead nitrate, until a drop placed 
on a piece of filter paper produces no dark coloration wij;h a drop of 
lead nitlate solution, The^results obtained by this method are, however, ^ 
too low, but for small quantities of sulphide results sufficiently accurate ^ 
are said tt be obtained by multiplying the results by 1-25, or by making 
L standard solution of 2-4 g. pure lead nitrate per litre and taking t c.c. as 
equivalent to o oi g. K^^^.or 0-007 g* Na2S. ^ ' 

• E. C. Rossiter^ p/oposed to determiite the sulphide first by Ewan’s 
method, and then to add to a fresh portion of the, cyanide solution 
weighed quantify of pure dr%,le^d nitrate sufficient to precipitat,e^ all 
the sulphide plus 10 per cejiit. excess. The excess lead is then titrated 
with a solution of sodyim ^>ulphiUe previously standard ised ,.by /odine 
solution. ' r. ' 

FERROCYANIDES 

The ferrocyanides of confmerce are met with chiefly^ in the forfn of 
the sodium, potascium, and ferric salts (Prussian blue). The alkali metal 
ferrocyanides are produced principally by extracting the complex iron 
and ammonia ferrocyanides from spent oxide of iron and cyanogen mud 
— products obtained in the purification of coal gas — and also by fusing 
alkali metal thiocyanates with metallic iron, dissolving the fused mass 
in water and crystallising the filtered solution. The various brands of 
Prussian blue are manufactured from sodium or potassium ferrocyanide, 
and the methods of analysis applicable to them are described in the 
section on “ Paints and Pigments,” Vol. II. 

Detection. — The most characteristic test for a ferrocyarlidc is the 
blue precipitate or coloration produced when a ferric salt solution is 
added to a neutral or acid' solution of a ferrocyanide. A cupric salt 
produces the equally characteristic choco[at^ brown p^recipitate of* 
cupric ferrocyanide. 

Alkali Ferrocyanides 

'^^he various methods for the determination of ferrocyanides may 
be roughly divided, into ^the following classes : — 

1. Estimation, of the iron of«the ferrocyanide. •• 

2. The o 5 tidation of the ferrocyanide to ferricyanide. 

3. Titration of the ferrocyanide with a standard solutmn, of 

metallic*salt. 

4. Decomposition of the ferrocyanide into hydrocyanic a^<iid. ^ 

Estimation of the Ferrocyanogen Iron, — In, this* method the iroi^Arf 

1 /. So(S Chem. /«</.,• 1909, 28, 10. * 2 /. Chem. Ind,, 1911, 30, 583. 
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the ferrocyanide is converted into filrric sulphate either by igniting with 
strong sulphuric acid until the ferrocyanide is completely ^decomposed, 
or by boiling the solution of the ferrocyanide •with .an excess of 
ammonium jr pojassium persulphate, the iron being then estimated in 
the usual manner* Thi^ method is only afpplicable to f^rrocyanides 
• free from any other iron cornpourds and from organic matter, and is 
not to be recommended. Very^sepou# errors have &^n ml^de in the 
past by the. use of this^ method in the c^lysis of ^e ferrocyanogeA 
contents of spent oxide, otc. • • 

Estimation by* Oxidation^witfi^N j lO Pernihngclnate Solution. — This* 
ftiethod depends on the oxidation of the ferjocyanide to ferricyanide. 
Th«, solution, containing not mort tban^one g. of the.ferrocyanide, is 
plaQpd in a large porcelain "basin of about rfcoo c.c. capacity, acidified 
with dilute sulphuric acid i^i :4), diluted to 600 to yoo c.c., and the per- 
^mftnganate solution slowly added from a burette with constant stirring. 
The end-point ^f the reaction is obserfed by the colour ^f the solution 
changing to a ytllowish red. 

yhe reaction which takes place may b(^ expressed thus: — 
5K,Fe"(CN)^ + KMnO, + 4H0SO4 = sKaFe'^CN), + 3^,80?+ MnSO^ + 4H2O. 

The permanganate -sqjution may be standardised by pure 
recrystallised potassium ferrocyanide K4Fc(CN)^.3H20, or better, by 
the dry calciunf potassium ferrocyanide CaKoFe(CN)^.. This double 
salt is readily prepared by adding a solution of pure calcium chloride to 
a solution of potassium ferrocyanide, filtering, washing the crystalline 
precipitate, and drying it at 100'' C. This salt has the advantage that 
it is easily prepared in the pure state and is anhydrous. A weighed 
quantity yf this salt is decomposed by warming with a solution of 
sodium or potassium carbonate. After thoroughly washing the pre- 
cipitate the filtrate is titrated with the permanganate solution. 

. ' This method has be^n modified by K. Muller and O. Diefenthaler,^ 
and by H. Bollenbach.^ T*lie latter investigator suggests the addition 
of an excess of the^ertranganate solution to a distinct red-violet colour. 
A few drops of fe*rr*ic sulphate solution are added, and the excess 
permanganate titrated with A710 potassium ferrocyanide. A green 
precipitate is formed as each drop of the ferrocyanide solution enters 
the liquid, but disappears on stirring as long as the permanganate is in 
excess. The appeai;ance of a unif<vm green tint therefore denotes the 
end of the reaction, and fhe amount of ferroc^^aniefe origmally present 
is obtained by deducting the number of c.c. of standard ferrocyanide 
^sed from the total volume of pernjanganate solution crt-iginally added. 

Each of N\\Q KMn04 is fiquivalent to*o-03684 g. K^FeCCN)^ or 
dte2r2 g. Fe(CN)6, * . 

^ /. anorg, CJiem,, 1910, 67, 418, * ^ I- anal. Ch'tm., 1908, 47, 687. 



( 

632 CYy^NOGEN COMPOUNDS 

This meiJiod is only applicableWr the estimation ofTerrocyanide 
solutions free from other oxidisable compounds; in the presence of 
these bodies the following procedure is usually adopted. A measured 
quantity of the ferrocyanide solution is diluted ^and ^acidified as 
described above, an^ an e^^ess of permangan?.te solution added which ^ 
not only converts the ferrocyanide ^o ferricyanide but oxidises all the ^ 
oxidisable cori)pbu*nds present*. Ihe^ solution is then made alkaline,^ 
ferrous hydroxid^e added, and the solution warmed. The ferricyanide 
is reduced to ferrocyanide,* but the other .oxidised compounds are 
'not reduced. The Elution is then filtered, the precipitate thoroughly 
washed, and the filtrate, cooled if necessary, acidified with ddutb 
sulphuric acid and titrated jvith A^/io permanganate in the manner 
described abrtVe. « 

This method is, howeveV, opeh to the ol:^icction that the preapitate 
is very bulky and requires considerable washing, and also thaK if 
thiocyanate were originally present, hydrocyanic acid would be formed 
by the oxida'tion of this compound with permanganate. This acid, 
when the solution is subsequently made alkaline, would combine ^with 
the ferrous hydroxide to form more ferrocyanide, and* thus give too 
high a reading in 'the final titration with permanganate. 

In the author’s experience this difficulty may be overcome, by 
substituting white manganese hydroxide for the ferrous compound. 
This modification has the further advantage that tljc addition of only 
a little manganese hydroxide is necessary, as the solution will contain a 
considerable proportion of manganese salt from the reduction of the 
permanganate in the first operation. The precipitate is far less bulky, 
is more easily washed, and no ferrocyanide can be formed from any 
hydrocyanic acid that may be liberated from thiocyanates in the pre- 
liminary oxidation. 

This method and its modifications, though at times convenient, and 
applicable to solutions of co'mparatively pure fcrrocyanidcs, is not to 
recommended for general practice, and should not be .used for the 
estimation of ferrocyanides in liquids obtained in.the^extraction of spent 
oxide or cyanogen mud. 

Titration with a Metallic Salt Solution —’Either copper sulphate or 
zinc sulphate is used ; other heavy metal stilts have been proposed, but 
have not been generally adopted in practice and offer no advantage. 

The precipitation of the ferrocyanides by standard copper sulphate 
.solution, originally 'proposed by Bohlig, and "subsequently modified by 
Knublauch,^ was at one time the accepted standard method yi the ^ 
estimation of fetrocyanides, particularly in the valuation of spbnt oxidf^ 
of iron, etc. As sulphides, thiosulphates, and thiocyanates int|yfere with 
the reaction, standard zinc sulphate was substituted for the copper 9«#l. 

» ^ J. G(Meleuchl.y 1889, 35, 450. 



ALKALI FERR0CYAN|IDES 633 

* I ♦ i 

This precipitant has the advantage that it is unaffected J^y sulphides, 
thiosulphates, or thiocyanates, and the composition of tl^ precipitate 
obtained is more constant under slightly varying cq;iditio;is than that of 
the copper ^alt. ^ This method has been generally adopted in works 
practice. Of late years, jiowever, the decomposition of the ferrOcyanide 
into hydrocyanic acid, the abSorptipn of this gas in sodium hydroxide, 
And the titration of th^ resultin^j c^ni^e with* iV/io ^1/er nkrate solu- 
tion is the r^ethod generally used in standard practice. • 

a. P rccipiiaiion ivitlt ^Copper Sulphate . — 'fhe stjfSdard solution is 
prepared by dissolving i2*5^gTor j)ure recrysfallisSd copper sulphate ill 
^CK>o c.c. of water and a few drops of sulphuric acid are added, 

•The solution is then carefuUy s^an^lardised, as ^escribed below, 
ag^jnst a solution of pure'ferrocyanide o£ known str^igth, and the 
copp«fcr sulphate solution^ strength(?ned or c^iluted until i c.c. will 
c.?actly precipitate ferrocyanide equiv^ilent to o oi g. of ferric ferro- 
cyanide I^e4[Fe^CN)g]3. • 

The ferrocyanide used for standardising the solutionis usually pure 
dry^ recrystallised potassium ferrocyanide, or dry anhydrous calcium 
potassium ferfocyanide, CaK3Fc(CN),,, prepared as described above ; 
the sodium salt should not be used. * 

Exactly m^ 3 g. caleiiyn potassium ferrocyanide is weighed out 
(=i g. Fe4[Fc(CN)j3), transferred to a beaker, a small quantity of 
distilled water •a lid a slight excess of potassium carbonate solution 
being added. After heating to boiling, the precipitated calcium car- 
bonated is filtered off and washed, and the filtrate diluted to ICX) c.c. 
Twenty c.c. of this standard ferrocyanide solution is then measured 
into a precipitation beaker of 150 c.c. to 20Q c.c. capacity, acidified 
with 25 c^c. of A75 sulphuric acid, and 20 c.c. of a saturated solution of 
potassium chloride added ; the latter addition, for reasons to be sub- 
sequently explained, is necessary, and must on no account be omitted. 

, ‘ Standard copper su^^hate solution is run slowly from a burette into 
the solution»thus prepared. The beaker and its contents are agitated 
by giving the bea^cer e rotary motiqn with the hand. 

The end-point* of the reaction is determined by dipping a slrip of 
filter paper or drop reaction paper, about 1 1 inches long and J inches 
wide, into the liquid, so that about one-third of the strip is submerged. 
The strip is then removed from the liquid, held in the hand for a short 
time to allow the ^lear liquid to ,rise^ above the brown precipitate of 
copper ferrocyanide. The belt of the paper wgttecf by thotclear solution 
is tli^n touched with a glass rod which has been dipped into a 5 per 
^cent. ferric chloride or iron alum solution, taking dare that the iron 
solution, ^oes not spread on to the copper ferrocyanide precipitate. 
^he*form*ation of*a tjlue colour at the junction of the two liquids 
indicates the ptesence of ferrocyanides s%ill in solution, and nj^re copper 
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solution mus^ be added. The amoi(nt of blue ^colour formed in each 
test should ^be noted, and as it becomes less smaller quantities of 
copper solutic^n shoyld be added after each test. 

It is advisable in the first titration to add 0 5 c.^ cof^per solution 
at a time towards the end cf the titration, wheq a resqjt will be obtained 
within this limit. In the second titration the copper solution is added ' 
slowly, ke\,ping^he liquid agitated,* until the an^ount run in is that ab 
which the blue was last seen in the first titration : and then >added 

^ f f r f ' 

a drop at a tima, oetween each test until no^blue coloration develops 
on the test paper aft^r a^i* least one minute. ^ ^ ^ 

A sample of fcrrocyanide is estimated as in the standard method 
given above, gulphides'^ thipcy?inat»es, or any compound capabloi of 
forming an in'soluble copp,^r compound other than ferrocyanide, rpust 
of course be absent. Jhe ‘ferrocyanide is ^.usually freed from .ithcse 
impurities by precipitating the acidified solution with a ferric szKt, " 
filtering, washing the blue precipitate, and decomposing it with a 
5 per cent, sofution of potassium hydroxide. « 

In carrying but this method the following points must be str^ptly 
observed. About the same volume of liquid, and roughly the same 
amount of ferrocyanide as that used in the standard titration, should 
be used in each test. An excess of potassium salts hiust be present 
in the solution to be titrated, and the addition of potassium chloride 
solution is made for this reason. In decomposiijg* any insoluble 
ferrocyanide, potassium and not sodium hydroxide must be used. 

Very considerable discrepancies in the results obtained by different 
workers have occurred in the use of this method through neglect of 
these conditions, but if the preceding directions are exactly followed, 
and with a little practice, this method is capable of yielding ^excellent 
results. 

The composition of the copper ferrocyanide precipitate varies 
considerably when precipitated under different^ conditions. Thus the’ , 
precipitate from potassium ferrocyanide contains more klkali metal, 
and therefore less copper for each f^rrocyanogen-equiyalent, than when 
sodiurh ferrocyanide is used. Again, the amount of potassium in the 
precipitate varies up to a certain point with the quantity of potassium 
salts present. But in the presence of excess of potassium salt the 
composition of the ferrocyanide is constant, and therefore concordant 
results are obtained. * « . • 

Sodium fbrrocyaViide^ and other soluble ferrocyanides except the 
ammonium salt may be estimated by this method, as they are .con- 
verted into potassium ferrocyanide when an excess of potassium salts, 
is added. " * • ^ 

b. Precipitation by Zinc Sulphate rjjiis^nethod is identic?(f 

in principle; with the copper sislphate titration and diffi?rs but little in 
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detail. It hds the important advayfages that the presenc^of sulphides 
or thiocyanates does not interfere, and the presence or aljsence of the 
excess of alkali metal salts does not influence the ^momyt of standard 
solution req]jiredjto any great extent. 

An investigation of Jhis process has bee«i made by F. W. Skirrow/ 
who states that in the titration ^ of alkali metal ferrocyanides, f!ie 
presence of alkali met^l salts does^^nol^ affect# the rc^uilf, bufr a longer 
time must b^ allowed in order to obtain a definite ^d-point. In the 
author’s experience mofc#accurate and concor^lant i^ults are obtained 
by the use of excess of alk^i ^rji^tal salts, and This addition should 
be made. 

vfhe precipitate is not pure zinc forrqcyanide Zn2Fp(CN)(j, but that 
obt^ned from potassium fefrocyanide is more or less ^re potassium 
zinc f«rrocyanide, Zn3K2[I^e(CN)j2- * • 

• It is usual to work wifh a solutfon stronger than the standard copper 
solution given ^bove, and 78 g. of fxire crystallised zinc sulphate is 
dissolved in ws^er with a few drops of sulphuric acid, and diluted to 
loog c.c. This solution is standardised against potassium ferrocyanide 
until I c.c. will^recipitate ferrocyanide equivalent to 0 05 Fe,j[Fe(CN)(j]3. 
Weaker solutions than the above may be used, but*the solution must 
be standard iseef against* a^ corre.spondingly sfnaller amount of the 
pure ferrocyanide. 

The procedtirg is very much the same as that described for the 
copper titration. The solution containing the ferrocyanide is acidified 
with dilute sulphuric acid, an excess of a solution of potassium 
chloride added, and the solution titrated with the standard zinc 
sulphate solution ; the end-point is oKserved ,by means of strips of 
filter paper, using dilute ferric chloride as indicator in the manner 
described above. 

In the presence of thiocyanates, a longer time must be allowed 
for the blue colour to appear after the iron salt has been applied to 
* the strip of filter papen The blue colour will appear, if ferrocyanide 
is still present, ^t the outer edgp of the red ferric thiocyanate 
coloration. * * 

If much thiocyanate is present, the exact end-point is difficult to 
observe, and it is advisable first to precipitate the ferrocyanide as 
Prussian blue with ferric chloride or iron alum solution, filter and wash, 
decompose by a sqjution of potas^iunj hydroxide, djlute to a definite 
volume, and filter. A Measured volume of the filtrate is then taken 
for titration. 

^ Estimation as Hydrocyanic Acid . — The cyanoge^i contents of a 
ferrocyaqijde cannot wholly converted iTito hydrocyanic acid by 
^iistilRng the ferroCyaijicJe solution with a dilute acid. From alkali 
1 /. Soc. Chem, Ind., I9I§, 29, 3 I 9 - « 
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metal ferroc;,vanides only about per cent, can be ‘'obtained as 
hydrocyanic^acid, the remainder being precipitated as ferrofts alkali- 
metal ferrocyunide ; — 

2N,'i4Fe(CN), + 3H,S04 - FeNa,Fc(CN)o + 6IICN 3N4SO4. 

The insoluble ferrous ferrocyanjde niay be slowly decomposed on ' 
boiling With niore concentrated 'acid, but it impossible to adopt 
this reaction as method of estimation ; the time taken would -be too 
long and some \he hyd/ocyanic acid would' be decomposed by the 
strong mineral acid’^ present with formation of ammonia and formic 
acid. Any oxidation of the ferrous ferrocyanide — which would be 
difficult to avoid — would result in the formation of the blue fc/ric 
compound which would re»T»ain undecompOsed by the acid. 

The difficulty of the complete decomposjtion of ferrocya'sidos into 
hydrocyanic acid has been overcome in the two methods described ^in 
detail below. 

Distillation ivith acid in the prcmice of Cuprous Chloride . — This 
method, which has been worked out by H. E. Williams,^ is based on. the 
catalytic action of cuprous chloride. A small quantify of this salt 
added to an acidilied solution of a ferrocyanide forms cuprous cyanide 
on boiling. This compound is then readily decomposed by the acid 
into hydrocyanic acid with regeneration of the cuprous chloride which 
attacks a further quantity of ferrocyanide. These reactions take place 
alternately until all the ferrocyanide has been decomposed and the 
hydrocyanic acid driven off with the steam. 

A volume of the solution containing about 0-5 g. of the ferro- 
cyanide is measured into a distilling flask of about 350 to 400 c.c. 
capacity, and diluted to 100 to 150 c.c. with distilled water. o-l g. of 
cuprous chloride is weighed out, washed with a little dilute sulphuric 
acid to remove any basic cupric chloride that may be present, the 
residue dissolved in a few cubic centimetres of a saturated solution of 
sodium or potassium chloride, and added to the ferrocya^iide solution 
in the distilling flask. The flask is then agitated gently, 50 c.c. of 
4A^ sillphuric acid is added, and the mixture distilled. The flask is 
connected to a condenser, to which arc attached two absorption flasks 
containing a dilute solution'^of sodium hydrb'xide. 

After distilling for a short time, the white precipitate which is 
at first formed changes* to ligl>t blue and then g’-adually disappears 
leaving the solution ‘cleap When this stage is reached, the distillation 
should be continued for a short time longer to drive off the last traces 
of hydrocyanic <acid. The ab.sorption flasks are then disconnected 
thoroughly washed out into a titration beaker, a few drops of^a ic 
per cent, solution of potassium iodide added, and the solution titrate' 

^ J , them , Ind . 1912,31,315. 



637 


ALKALI FERR0CYAN:DES 

f • I 

with standartl Nj lo silver nitrate s^Hlition as described in t^e estimation 
of cyanides on p. 624. ^ 

I c.c. of JVjio AgNOg 0.0070623 g. fcrjocyano^cn Fe'^(CN),, 
or%).oog?545 g. l'V'[l^'c(CN),1.5 or 0.01227 g. KJ-c(CN)„* , 

^ ^ This method may be applier| to any of the soluble or sparingly 
soluble double salts of the alkali pr ^kaline*earth fej^cyifliides, also 
to the freshjy precipitated insoluble fcr^o^yanides, such as those df 
zinc, cadmium, mangan'eje, nickel, etc., but not to^pric ferrocyanide 
and the ferrocyanidcs of tho^se* nagtals which Would oxidise the cuproul 
ihlaride or form stable double cyanides. 

^The preparation of a standard .soliition of cuprgus chloride has 
bo<^ proposed by H. G. Oolcman,^ who recommends ^thc use of a 
10 pj'r cent, solution of^ cuprous chloride iiv hydrochloric acid and 
th"?; addition of some strips of copper to maintain the copper in the 
cuprous state. ^ ^ 

Oxidising agents, sulphides, thiosulphates, and thiocyanates should 
be sibsent. The ferrocyanide is readily, purified from these salts by 
precipitation *With a ferric salt in acidified solution, filtering and 
wa.shing the preci{:)itatcd blue and decomposing it with a 5 per cent, 
solution of sodium hydrexide, again filtering and washing, and then 
adding the filtrate to the distilling fla.sk. 

This method r^Jerrocyanide estimation is both simple and accurate, 
and is rapidly replacing the heavy metal precipitation method in 
technical practice.'-^ 

Conversion into j\Icr curie Cyanide and Distillation ivith an Acid ? — 
In this method the ferrocyanide is first convert^ into mercuric cyanide 
and the letter body distilled with dilute acid. The evolved hydrocyanic 
acid is absorbed in alkali hydroxide solution and the cyanide formed 
titrated in the usual manner. 

, ’ A measured quantity of the solution containing about 0*5 g. of 
the ferrocyanide is diluteiJ to 150 c.c. with di.stillcd water, 10 c.c. of 
N\\ sodium hydr(vcide*.solution add(;d, and the mixture boiled to decom- 
pose any insoluble Terrocyanide that may possibly be present. ' After 
about ten minutc.s’ boiling 15 c.c. of a 30 per cent, solution of pure 
magnesium chloride solution is added. T^iis addition must be made 
gradually and with constant agitation to prevent thj formation o^ clots 
of magnesium hydroxide and to .obtain the precipitate in as fine a 
state of division as possible. This mixture is $gain boiledj»then 100 c.c. 
of Nj\o mercuric chloride is added and the boiling continue? for a 

^ • • 

J /. Soc. Chem. hid., 1918, 37, 323T. , * ♦ 

ig G.* 1 iJolenun E. W. Yoeman, /. Soc. them, hid,, 1918, 37, 322T ; P. E. 

J^ielmann and H, Wood, ]lnd.,»i^\% 38, 43T. 

^ W. Feld,/. GeMeleuchi., 1903, 46, 365 *, /• 60^. Ctkm. Ind., 1903^22, 1068. 
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further fifteejn minutes. The wholh^of the ferrocyanide isf thus decom- 
posed and fhe cyanogen remains combined with the mercury as 
mercuric cya'^ide. ^ 

The resulting mixture' is placed in a distilling flask and 25 c.c. of 
iN sulphuric acid added.* The flask is fitted to a condenser which 
is connected to two absorption flasks containing dilute sodium hydroxide. 
The liqucd i^vrtien geptly dfstihed until the mercuric cyanide 19 
decomposed and the whole of the hydrocyanic acid driven over into 
the absorption ffe.\ks. l.hlj ‘ absorption flasks' are then disconnected, 
the liquid thoroughly washed out into ic titration beaker and titrated 
with N\io silver solution in the usual manner after adding a Ijlttlc 
potassium iodid^ solution! ^ ^ 

This process has been, studied by F. VV. Skirrow,^ who states ^tj^at 
inaccurate results are ob);ained due*::o appreciable losses in the p^;eli quinary 
operation, but on the other hand H. G. Coleman - has found the process 
to yield theoretical results. In the author’s experience accur'ate results 
may be obtamed if the method is ,<pdrried out exactly as described 
above, but that errors occur if the details of the method are not very 
carefully observed. % 

Examination ok Commercial Fjcrrocvanides 

The impurities likely to be met with in commercial salts are 
sulphur compounds, chiefly sulphates and thiocyanat^ from the mother 
liquor enclosed in the crystals. 

In the precipitation of the ferrocyanide by the chloride of a heavy 
metal, the precipitate is so bulky and difficult to wash that only 
a small quantity of the ferrocyanide can be examined in this manner. 
The following method, however, will be found quite serviceable, the 
greater part of the ferrocyanide being first removed as a sparingly 
soluble crystalline double salt. 

Ten g. of the sodium ferrocyanide is dissolved in 60 c.c. of water; 
a small excess of a strong solution containing magnesium and 
potassium chlorides in equivalent, proportion added, and after boiling 
for oiie to two minutes, the crystalline potassium’ magnesium ferro- 
cyanide filtered off. The filtration is rapid and the precipitate easy to 
wash. As the filtrate still contains a little ferrocyanide, a slight excess 
of zinc chloride is added and the precipitate filtered off and washed. 
This precipitate is comparatively small in amounh and easily washed. 
In- a measujwd portion of the filtrate the sulphate may be estimated 
by barium chloride in the well-known manner ; and the thiocyanate 
in another portilin either colorimetrically or by precipitation as th^* 
cuprous salt, which is thoroughly washed, decomposed ^ sodium 
hydroxide, and titrated with iV/io AgNO^. .. ' ' J 

1 Chem. 1910, 29, $'ig. 2 Analyst^ I^aO, 3$, 295. 
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In the examination of potas^lim ferrocyanide onl3(; magnesium 

chloride. need be added to precipitate the double salt. With calcium 
ferrocyanide the bulk of the ferrocyanide may bc^remo\^d by boiling 
with an excess of potassium chloride, the^ ferrocyanide separating as 
the sparing^ soluble potassium calcium ferrocyanide. ./fll 'Reagents 
» added must of course be Iree fi\)m sulphur compounds. In the examina- 
^tion of Prussian blue <tombined arhiliorya should be hy^ed «for as well 
as the combined alkali metals’ sodium and potassium. Many blues 
on the market to-day’ contain combinecl^ aJnmon^ in place of the 
potassium of forone? tiihes. ‘^FGr further d^lails^ of the examination 
t>f Prussian blue see the Section on “Paints and Pigments,” Vol. II. 

FIvl^RICYANIDRS 

' The, ferricyanides'are usually prepared by the oxidation of the 
ferrocyanfdes, ^d a number of oxidising agents have been proposed 
for this purpose. In the preparation of the potassium salt it is usual 
to pass chlorine through the ^solution of. potassium ferrocyanide, and 
to separate the potassium ferricyanide by crystallisation from the 
potassium chloride, formed by the reaction. ’ 

Detection, — R solution of ferrous sulphate 'added to a neutral or 
acid solution of a ferricyanide produces a deep blue precipitate 
(Turnbull’s blu«),^thus distinguishing it from the ferrocyanide which 
gives only a blui^i-white precipitate. With a solution of a ferric 
salt only a brown coloration is produced by a ferricyanide ; if a small 
quantity of ferrocyanide is also present a green precipitate is formed. 

Estimation of Ferricyanides.— These cony)ounds are reduced to 
fefrocyanides and the latter estimated by any of the methods previously 
described. The reduction of the ferricyanide is best effected by making 
the solution alkaline and reducing the ferricyanide by the addition 
of certain metallic hydroxides, such as, for example, ferrous, manganous 
or cobaltous Jiydroxide. The reaction with ferrous hydroxide may be 
expressed thus : — ^ , 

2K3Fc{CN)/+2Fc(OII). 2+2KOII = 2K4Fe(CN)„+2Fe(OH)3. 

A number of spe< 5 al methods have be(?n })roposed for the direct 
estimation of ferricyanides, but none of these possess any advafltage 
over the general method given above. • * 

A solution* containiifg about 0 5 g. of ferric>^nido diluted, if 
necessary, with distilled water, made alkaline with sodium- hycffbxide, 
%nd a*n e!tcess of ferrous or manganous hydroxide added. The solution 
is warmed to complete the reduction, filtfted, and the precipitate 
tkdtowghly* washed.^ The filtrate may then be titrated with standard 
‘zinc or copper gulphate^'solution, or put into a distijling flasljt acidified 
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with an excess of dilute sulphuric ^acid, o- 1 g. x:uprous chloride added, 
the mixture, distilled, and the estimation completed as described for 
ferrocyanide^on p. ^36. 

I c.c. AgNO^ 0.01097 g. K^Fe(CNX; or o.oo)o,^^^ g./Fe'''(CN)rt. 

Mixtures of Fe^rro- and Ferricyanides. — The reaction of a ferric ^ 
salt cannot ^ised as a in^an^ *of separating the two classes of 
compounds. In the presence of the'^two iron' cyanogen compounds, 
the precipitated fts^rocyalfiiAe contains a considerable proportion of the 
ferricyanide. If the'ferrihyanidc is iiiMa^ge e.^cess, a. green precipitate 
of a ferric ferroferricyanide which contains both ferric ferrocyanide and 
ferric ferricyanide in a siniple molecidar proportion, is formed. 

A convcnic'nt method ^ of separation which depends on the different 
reaction of the two zinc saKs in the presence of an excess of sodium 
carbonate is described below. Sodinm carbdilate is added in excess^to 
the solution containing about i g. of the mixed iron cyanogen compound. 
An excess of^reccntly precipitated puf’e zinc carbonate is then added 
and the mixture warmed and agitated. The whole of the ferrocyanide 
is precipitated as a double zinc sodium ferrocyanide, v hile the ferri- 
cyanide remains In solution. The mixture is then filtered, and the 
precipitate thoroughly ‘wa.shed. The filtrate, which co'xitains the whole 
of the ferricyanide, is reduced by the addition of one of the metallic 
hydroxides mentioned above, again filtered and washed, the filtrate 
neutralised with dilute sulphuric acid, distilled with cuprous chloride 
and sulphuric acid, and the cyanide titrated with A^/10 silver solution 
as described on p. 624. The original precipitate, which contains the 
whole of the ferrocyanide as the insoluble zinc salt, together with the 
excess zinc carbonate, is added to a distillation flask, together with the 
paper, and the whole distilled with dilute acid and cuprous chloride. 

If the original solution contains other .salts likely to interfere with 
the subsequent reactions, thb two iron cyanogen compounds are pre- 
cipitated together by adding an excess of zinc sulphate cy chloride to 
the acidified solution, which is then filtered ^and washed from the 
contatninating salts. The mixed precipitate is tltcn digested in an 
excess of sodium carbonate solution. The ferricyanide of zinc is 
decomposed and passes into solution, whih the ferrocyanide remains 
unattached. The .separation is then effected as described above. 

One c.c. of NI\q AgNO., = 0-01097 g. K..Fe(CNX. or 0-012277 g. 
K,Fe(CN),oro.ooV33 g.Fe(CN), ^ \ 

Thl£ two salts may also be separated by the method of Browning 
and Palmer,^ which is based on the fact that while a cadnxium saP 
precipitates both compounds, a thorium salt precipitates only the 
ferrocyanide. The solution containing the two salts is acidified* with 
^ H. E,®\Villiams, Cy^'inogen Compouvih^ p. 380. 2 , anorg. Ck:m.^ 1907 , 54 , 315. 
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dilute h^drcJchloric or acetic acid Jfid the ferrocyanide pij^cipitated by 
the addition of a slight excess of tnorium nitrate, and the ferricyanide in 
the filtrate precipitated by the addition of cadmium^ chi orjSe. 

If the solution of the two salts is free from other oxidisable matter 
or organic ntatter,^the ferrocyanide may \)e estimated by a direct titra- 
t tion with standard’ permanganate solution. The resulting solution 
js then reduced by fi^rrous or marfgayous hydroxide ^le frecipitate 
filtered off a^nd thorou^ily washed, and the filtrate a^ain titrated with 
permanganate solution.* Jf the number of*dc.}of pei^i^nganatc solution 
used in the first .operation ai^ fleducted froiti thdnumber obtained in 
the^second, the equivalent of the ferricyanide is obtained. 

^pne c.c. of A^/ 10 permanganate solution 0*03683 g. K^Fc(CN)g or 
0*4329 g. K3Fc(CN)e. . * * 

>tITROFERRICYANIDES ^(NITROPRUSSIDES) 

These salts ^re prepared by th*' action of nitric acid on ferro- or ferri- 
cyaijides. The chief representalive of thesqcompounds is the sodium salt 
Na2Fe(CN)5N0.2ll./) which crystallises well in fine ruby red crystals. 

Detection. — The*addition of an alkali ^sulphide to*a solution contain- 
ing a nitriferricyanidc pi»oc^uces a deep violet coloration. This test is 
very characteristic and sensitive, but the coloration is evanescent. 
Heavy metals ill j^Jiition, which produce dark coloured sulphides, must 
be removed or the coloration will be masl^d. 

Estimation of Nitroferricyanides. — The most convenient method 
is to boil the solution with sodium hydroxide, when the whole of the 
cyanogen is converted into ferrocyanide according to the following 
equation 

36 Na 2 Fe(CN) 5 NO + 83 NaOH 

3oNa^Fe(CN)^ + 3Fe^03 +.35NaNOo + NH3 + 4oH.p. 

* The ferrycyanidc, wliicji is formed quantitatively, is estimated by 
any of the methods described under the section dealing with ferro- 
cyanides, pp. 630-638. 

A volumetric procc.ss for the direct titration of nitroferricyanide 
has been described by Fo::zcs-Diacon anefCarquet^ as follows: — An 
excess of a solution of cadmium nitrate is added to a known volume of 
the nitroferricyanide solution, the precipitated cSdmiifm nitroferricyanide 
filtered and th( 5 roughly washed, llie precipitate is«tlicn di, solved in an 
excess of ammonia and titrated with a standard solution of l>t)dium 
•ulpliide.* A slight excess of sodium sulphide, after alUhe cadmium has 
been precipitated, produces th^ ^haracterisfic violet colour with the 
jwHible nill'oferricytfliide which indicates the end-point. 

40^ • • 

^ Bull. S 9 t. Chem., 1903 [ 3 ], 29 , 636 ; /, Chem. Ind., 1 ^ 03 , 22 , 8834 
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THIOCYANATES ’ 

The thiocyanates may, be prepared by several synthetic reactions, 
the most jpiportant of which, is the process of Crow^-her, Rossiter, and 
Hood,^ in which anmonir?, carbon disulphido, and -calcium hydroxide 
are heated u*;jder pressure in an autoclave, when the following reaction 
takes place: — v ' ' 

2 NH 3 + ^>CS^4-2.Cc< 011), = Ca(CNS), + Ca(IiS), + 4 rTO. 

The bulk of the thiocyanate of commerce is, however, recovered in 
the purification of coal gas. When the gas is passed through a solution 
of calcium or sodium polysulphidc, the following reaction between the 
polysulphide knd the hydrocyanic acid in the gas takes place : — 

NaoS- + 2 HCN = 2 NaCNS-f^H,S + S,. 

This process had a number of disadvantages and was considerably 
improved upon in the method of P. K. Williams,'-^ who ^passes the crude 
gas through specially constructed purifiers containing moist spent 
oxide of iron. The hydrogen sulphide and ammonia of the crude gas 
condense in the nioisture on the surface of the s^^ent oxide forming 
ammonium sulphide solution, which imme^liately dissolves sulphur and 
forms a layer of ammonium polysulphidc solution on the surface of each 
particle of oxide. As the gas passes through moist oxide the 
hydrocyanic acid is dissolved by the surface layer, and reacts with the 
polysulphidc to form ammonium thiocyanate : — 

{NH,).,S, + HCN + NH., = (NH4)CNS + (Nnj)2S,. 

The oxide is sprayed from time to time with water or weak liquid 
from a previous operation to remove the thiocyanate formed and to 
keep the oxide moist. 

Detection , — The most characteristic test for a thiocyanate is the 
deep red coloration produced by the addition of a ferric salt to the 
neutral or acidified solution. In testing for very small traces, colourless 
ferric nitrate should be substituted for the chloride or sulphate. As 
mercuric chloride discharges the red colour, mercury salts must be 
absent when applying the test. The coloration cloes not take place in 
the presence of excess of oxalic acid, nor, unless acidified, when a highly 
basic ferric salt is used. In very dilute solutions the best method of 
applying the* test 'is to acidify the solution, add the iron salt, and 
shak^** with* a small quantity o^ ether. The ferric thiocyanate, which 
is more soluble in the ether than in the water, appears in thd etlieres.? 
zone at the top of the liquid. « 

A second characteristic test is obtained by adding a soluiioii of 

' B. Pi <*7846, 22n<itSeptember 18^3, and 21451, 1893, “ P. 23604, 1909. 
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cupric cnloride or sulphate to th^lsolution to be tested^ and then a 
reducing agent such as a solution of a sulphite, bisulohite, dilute 
sulphurous acid or sulphur dioxide. A ver^ finel)4 divided precipitate 
of white cuorou^ thiocyanate is prod^uced in the presence of a 
thiocyanate. * 


• \ • - • ^ 

Gener;.l Method^s Estimation-" 

• • ** * y 

The determination of/i thioc)^nate is usudly ca^-riCd out by titration 
^ith standard silver nitrat^i solstion, but it may also be done by 
converting it into the copper salt and estimating the copper contents 
of tti^ precipitate, or by treating with fin i#xidising agent and estimating 
th^ -amount of oxidising agent used or •the amount of sulphuric 
, acid ibrnfed by the gx^d^ition o]" the sulphift* of the thiocyanogen 
radicle."^ 

a. Titratioi^'^ith A^jio Silver Nitrate {Volhards A^cthod ). — This 
method is based on the reaction of silver nitrate with a soluble thio- 
cyarvite in neutral or nitric "acid solutig)ns, whereby insoluble silver 
thiocyanate is* precipitated. The end-point is determined by adding 
a few cubic centirr^etres of ferric alum,/erric sulphate, or better still, 
ferric nitrate solution to The liquid before titration. The silver solu- 
tion is then run in until the red coloration of ferric thiocyanate just 
disappears owii1g*»^^o the precipitation of the thiocyanate by the 
silver salt. 

A measured quantity of the solution containing about 0'2 3 g. 
thiocyanate is placed in a conica’ beaker of 300 c.c. capacity and 
diluted to 100-150 c.c. with distilled water. U alkaline, the solution 
is neutralised with dilute nitric acid (i : 1), 10 c.c. added in excess, 
followed by 5 c.c. of a 10 per cent, solution of ferric nitrate. Decinormal 
silver nitrate solution is slowly run into the mixture from a burette 
, until all the thiocyanatg is ju.st precipitated, this point being clearly 
indicated by 4he total disai?pcarance of the red coloration of the ferric 
thiocyanate. The .end- point is mor« sharply defined if the colourless 
ferric nitrate is usecl.* 

The titration should not be performed rabidly, but the silver solution 
added slowly and the precipitation beaker agitated by giving it a 
gentle rotatory motion with the hand. If the^preci^itation has taken 
place too rapidly, €ome of the tjiioc^anate solution is occluded in 
the clots of insoluble silver thiocyanate. Qp sfandiifg *for a short 
time,,with occasional stirring, any thiocyanate so occluded ’will (Jiffuse 
8ut and ^colour the liquid with a^ reddish tinge. Fot this reason all 
titrations.^ould be left at least five minutes after the first disappearance 
jijfhe red coloration, and subsequently corrected if necessary by adding 
more silver solution. 
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All chlotides or other compoiluds capable of forming a\ilver salt 
insoluble in, cold dilute nitric acid must be absent. In the' presence 
of these imparities, the thiocyanate is separated as the insoluble cuprous 
salt as described below, washed, decomposed by boilijig v^ith an excess 
of sodium hydroxjldc, again filtered and {he pj^ccipitated cuprous 
hydroxide 'washed. The filtrate is hen ‘neutralised with diluted nitric” 
acid and VitraU d as described. ♦ \ / 

Njio mercuijic nitrate may be subsjitutec^ for iV/io ^silver, nitrate 
solution, and thc^vvriter hfas found this me{hod very convenient and 
'accurate; and as the thiocyanate pf mercury is i:jrecipitated in the 
crystalline form, the occlusion of soluble thiocyanate in the precipitate 
is avoided. Cyanides, chlorides^ bromides, iodides, or any salt which 
forms a non-?onisable mci;curic compound in nitric acid solution,. ♦^ust 
be absent. The solution is not,’nowever, so conveniently standardised 
as the N/io silver nitrate. 

Scparatioti as Cnp7'otis Thiocyanate , — If the thioevanate solution 
contains other salts capable of yielding a precipitate with silver insoluble 
in dilute nitric acid, it must, be separated from them by precipi^tion 
as the cuprous salt. A solution containing not more* than i g. thio- 
cyanate is acidified by dilute sulphuric acid and sodium bisulphite 
added, followed by ah excess of cupric, sulphate, ’it is warmed to 
40^ to 50“' and left to stand a short time. The precipitate is filtered 
and washed with water containing a small qu^ntky of potassium 
sulphate in solution, to prevent the copper salt from passing through 
the paper in the colloidal form. When thoroughly washed, the 
precipitate, together with the filter-paper, is placed in the beaker in 
which it was precipit/ited and 100 c.c. of a 5 per cent, solution of 
sodium hydroxide (chlorine-free and purified by alcohol) added. The 
mixture is gently heated to boiling, and stirred to break up any clots 
of the cuprous thiocyanate. The solution is then cooled, filtered, and 
filtrate and washings made up to a definite volume. A portion of 
the solution containing about 0 25 g. thiocyanate is i^^easured into 
a beaker, neutralised with dilute , nitric acid, kn^pi^ig the solution cool 
by running water if necessary, an excess of the dfiute nitric acid and 
the iron salt indicator added, and the solution titrated with A^/io silver 
nitrate as above described. 

In place of the acid and sodium bisulphite as a reducing agent 
for the cupric s^lt, sulphur dioxide gas may be ljubbled through until 
the solution is satuVate^ with it. Ferrous sulphate sh6uld not be used 
as a deducing agent, for the reaction 

*1 * if 

2CuS0, + 2 FeS 04 H. 2 NaCNS 2 CuCNS + Fc 2 (SO ,)3 + NaoSO^ 

*■* ' f * * u. 

is a reversible one and requires large exces,‘Tes of ferrous and cupric 
sulphate^’ before rtie reactioii' from left to right approSches completion. 
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Large e:TCes 5 of salts lr\ solution giyes rise to inaccuraci^ and should 
be avoided. ^ 

In the presence of ferrocyanides a preliminary preci{)itation with 
ferric or zinc sulphate is necessary, the thiocyanate being then 
precipitated l^y tfie copper and reducing*ag^nt in the filtrafe from the 
► insoluble ferrocyani^p. *Chlcfrides or bromides are removed in the 
iiltrate from the coppe\ thiocyanate^l^ut^ iodide^ hiust ^o’^^bs^nt or the 
thiocyanate precipitate \vill be contaminated with cuprous iodide. • 

A method of estimating thiocyanates Cy ajlding^^standard solution 
of cupric sulphate to the*thio^yifnate solutioiT containing the reducing 
agent has been suggested. *Thc end-point is noted by the formation 
of ^ brown coloration when a drog of the* clear liqyid is tested on 
a<^hite tile with a drop of ferrocyanide^ solution. This end-point, 
howe^^r, js not sharp, and quite an* apprecialjlc excess of copper is 
re£^uire 4 jJto produce d detectable* colour by the drop reaction. The 
method i^ thej^efore not recommended for accurate work. 

A Oxidation N 1 10 PermaJiganate. — This method depends on the 
oxidation of the sulphur of .«the thiocyanate to sulphuric acid, with 
liberation of hydrocyanic acid according to the following equation : — 

5KCNS + 1 2I l^SO, + 6KMnO, - i iKHSO, + 6MnSO, * 5HCN 4 - 4H.p. 

A solution containing 01— 0*15 g. of the thiocyanate is placed in a 
large porcelain* dish, considerably diluted, neutralised with dilute 
sulphuric acid if all'^linc, and an excess of 50 c.c. of 10 per cent, acid 
added. Dccinormal permanganate is then run slowly in from a burette, 
stirring the solution the while, until the first appearance of a faint pink 
tinge. One c.c. of N\\o permanganate solution =0‘00i6i9 g. KCNS 
or *0*000968 g. CNS. 

For standardising the permanganate solution pure cadmium 
thiocyanate should be used. This salt is sparingly soluble, easily 
prepared, crystallises in well-defined crystals, and is anhydrous and 
non-deliques^ent. * , 

It has been shown by Grossmann and Holter ^ that only about 95 per 
cent, of the thiocyaiate is oxidised by the permanganate in accoitlancc 
with the reaction expressed above ; and Schroder “ states that the time 
taken for the titratioh is a.i important ponic, and liable to give rise 
to variable results. To eliminate these errors as much as possible, the 
permanganate solution should be standardis?d against a pure thio- 
cyanate and rtie same •conditions of working adViered- to in the 
subsequent titrations. ’ 

% This fnethod can only be applied to the titration of comparatively 
pure thiocyanate, which must of course be fre^ from any other oxidisable 
nieftte.. *lhsoluble thiocyanates may be estimated by first converting 
1 Chem. Zei^y 1909 , 33 ^ 348 . • Z. sffentl. 15 , 
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them into soluble tliiocyanate boiling w»th a dilute s^tion of 
sodium or potassium hydroxide. 

In the prV^ence^of a metallic base soluble in the alkali hydroxide, 
such as zinc, ammonium sulphide is substituted for the hydroxide, and the 
filtrate fiom the insoluble ^ulphide evaporated to drones/ on the water 
bath to remove the ammonium sulphide compl^^ely. The residue isr 
redissolvcd in^^.Kttle Waj;er, filt^^red if necessary, /ind estimated by NjiQ 
silver nitrate solution. Estimation by perman/,anate is inadmissible if ' 
a sulphide has be;^ used', tot re move the metaljic; base. 

' Estimation of t faces of Thiocyanktts. — I'he cstmiation of a very 
small quantity of a thiocyanate is usually harried qut by matching, the 
colour produced, by addinj' an kon sak with that produced by a stanjd^rd 
dilute thiocyanate solution^treated in a sin.ilar manner (cf. p. 453). j 

The solution to be t;pste6 is put into a Nessler glass, acicjifiep with 
dilute nitric acid, 2 c.c. of ferric nitrkte solution added, and th<^ whole 
diluted to a definite volume with distilled water. The. colour is then 
matched by the method of guess anc^ try with a standard solution of u 
thiocyanate, the same reagents being added and the solution diluted to 
the same bulk as the sample to be matched * 

If the colour of the standard is too weak or too strong, more or less 
of the standard solution is taken and treated and comjjared in a similar 
manner, until the colour of the standard and the sample exactly match. 

The following points must be observed in this method. The solution 
of the sample to be estimated should be free fro^m colour, and ferric 
nitrate solution should be used as the iron salt. The same amount 
of iron salt and acid should be added in each case, as the reaction 
Fe{N03>3 + 3KCNS ^ Fe(CNS)3 + 3KNO3 

is a balanced reaction, and the colour depends on the concentration of 
both iron and thiocyanate. Mercuric salts and oxalic acid prevent the 
reaction and should be absent 

For very small traces the estimation may bt carried out by shaking ' 
the solution treated as above with ether in a stoppered graduated 
cylinder and matching the colour of the etfid*re4l layer against a 
standard treated in a similar manner. 

I 

* Commercial Thiocyanates 

The chief thiocyanates of commerce are the alinninium, ammonium, 
barium, calcium, cujjrous, potassium, and sodium salts. 'The impurities 
to beTooked for in the soluble salts are chloride, sulphate, and thiourea, 
the latter more 'especially in the ammonium salt, particularly if it i^ 
made from thiocyanate g*as liquor. • * . , 

I. Sulphate and Chloride. — The sulphate js Readily estimated 
precipitalipn with barium chUridc in the usual mannen The chloride, 
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howevei/cannot be directly estimated. Theladlst method is to dissolve 
half a g’-am in 50 c.c. of distilled ^ater in a tall straight^sided beaker, 
add 5 C.C. of nitric acid (sp. gr. 1-42) and gently heat to th^boil. As the 
solution becomes warm, oxidation of sulphur tal<es place vigorously 
with evolutic^ of hydrocyanic acid and Aitrogen oxides. At times the 
> action is violent ahc^t iS as well to cover the beakftr with a watch-glass 
^tb prevent losses by sj^urting. Th^^oporation should i)c.-PerJprmed in a 
draught cupboard. W^hen the ^xidarfon is complet(f and the hydros 
cyanic acid* driven off^ excess of ammcflTjaiis ad^f/d and the liquid 
evaporated to dry^ncjs inAhe wato-bath. A4’ttle»distilled water and 9. 
4’ew drops of a 5 per cent. so4ution*of potassium chromate are added and 
the chloride titrated with Nj 10 silver nitrate iolution. 

^ 2- Thiourea. — The best methocf fo!- the estimafi(in of thiourea 
dep^ids on the desulphiding action of sifver nitrate in ammoniacal 
solution : — • • • • • 

j (NIt>).^CS ^'’4gN03 + 2NHpp->Ag.?S + 2NI1,N03 + H,CN.^ + 2H,0. 

Unfortunately, a large excess of thiocyanate greatly interferes with 
the ‘reaction, ^nd it is necessary to remove the great bulk of the 
thiocyanate, beforq carrying out the test, by dissolving a weighed 
quantity of the* salt in Y^ater and precipitating the bulk of the thio- 
cyanate by a slight excess of lead acetate. The precipitate is filtered 
and washed. Tihe exce.ss lead in the filtrate is then removed by adding 
an excess of sodiurh carbonate and again filtering and washing the 
precipitate. This filtrate is then greatly diluted, made strongly 
ammoniacal, heated, and A^io silver nitrate run into the hot 
solution drop by drop. Black silver sulphide is precipitated by the 
thiourea, and the addition of the silver solution is continued until no 
further precipitation of silver sulphide takes place. 'This point is quite 
readily observed as the silver sulphide clots in the hot alkaline solution 
•and rapidly settles. One c.c. N/io AgNOfj = 0-0038 g. thiourea. 

A small quantity oUthiourca does not interfere with the titration of 
the thiocyanate b^ Nlio AgNO^, but large quantities very seriously 
affect the results.* • 

Cuprous thiocyanate finds a use as an antifouling composition for 
ships’ bottoms, and should contain but ^ very small proportion of . 
impurities. These will, of course, vary according to the method 
of manufacture and the impurities of the origtnal Dliiocyanate solution 
used. Mois^uiPe, soluble Salts, copper sulphide, free «u*lphur, and possibly 
organic matter should be looked for. * . • 

% l*he fnoisture is estimated by heating a weighed quantity to icx)° C. 
in a water-oven until the weight is constant. The heating has no 
kifiuLnce c5n the cuprous thiocyanate, which is stable at a much higher 
‘ temperature. * 
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The soluble salts^vAkc'k will usijdlly consist of sodium' chk^ride or 
sulphate, may be obtained by treating lO g. of the salt with .distilled 
water, boiling(\^filtering, and diluting the filtrate to a definite volume. 
Chloride and sulphate are determined in aliquot parts. Soluble 
thiocyanste^o and free acid sh6uld also be tested for.* ^ 

The insqluble inlpurities may be obtained' together by dissolving < 
5 or 10 g. qf thV salt in excess of a nr.6derately str(jng solution of sodium , 
or potas'sium thiocyanate' when the cuprous thiocyanate will pass com- 
pletely into solut[(i^. Ai^hfesidue is filtered off through a weighed 
Gooch crucible comainitvg a filter 6f ‘'asbe?itos,' washed first with 
thiocyanate solution until free of cuprous Hhiocyanate and then with’ 
distilled water. The crucible is then ^ried to constant weight. ^ 

Any free sulphur present in the insoluble matter may be estimated 
ejttracting the dried filter whh carbon disulphide into a weigjied, flask. 
The solvent is then evaporated off, the flask hbatetl in an oven to ioo° G., 
dry air passed through to remove, solvent vapour, and the fla’sk cooled 
and weighed.^ Copper sulphide can ^ be determined '^hy boiling tHe 
residue with nitric acid, and the copper determined as cupric oxide 
in the filtrate, or if the amount is very small, by colorimetric methods. 
Impurities insoluble in acid maybe determined by dissolving a weighed 
quantity of the salt hi hot 'dilute nitric jicid and weighing any 
residue. The presence of copper sulphide and organic matter degrades 
the colour of the salt, but sulphur is more harmful^ as it is liable to 
oxidise to sulphuric acid. ^ 

The thiocyanate may be determined by decomposing a weighed 
quantity with an excess of a 5 per cent, solution of sodium hydroxide 
or carbonate, gently heating for some time and stirring with a glass 
rod to break up any lurnps. After filtration the filtrate and washings 
are diluted to a definite volume and a portion titrated with N]\o silver 
nitrate solution. The results obtained by this method are liable to 
be low, for a number of reasons not yet fully elucidated, and the • 
determination of the copper by any kno\v;n method is^more to be 
recommended. ^ « 

CYANATES 

The alkali metal cyanates are usually proparedTrom the correspond- 
ing cyanide, by oxidising the fused salt with a metallic oxide or oxidising 
agent, such as man^anes^ dioxide, red lead, or potassium bichromate. 

The cyanates olf the alkali and alkaline eai^ch metals ‘'are soluble in 
water,’i:^ut those of the heavy metals are mostly insoluble and possess 
no characteristic colour. * ^ 

Cyanic acid may be ffrepared in' tbe anhydrous condition, but in 
aqueous solutions it rapidly decomposes. In j:oH'centrated* soliStiohS'^ 
some cyaauric acid js formed by polymerisatioii of nork ionised cyanic 
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acid, bul/n dilute solution it takes t|p the elemefits of water, and rapidly 
and completely decomposes into a^nmonia and carbon dioxide. 

Detection. The most characteristic test is the ibrmatidi of the very 
sparingly soluble potassium cobalt cyanate.* The "solution is acidified 
with acetic ifcid *and a solution of a cdbalt and of a potissium salt 
, added ; the formafic^^oPsmaU deep blue crystals indicate the presence 
ot a cyanate. % • • * • ^ • 

* In the presence of .cyanides}* carbon dioxide must first be passed 
through the* liquid unjil all the cyanide^ is dec^fnposed, and the 
potassium carbojialo removed* by filtering^ afttr the addition oi 
!)5 per cent, alcohol. The* te.st "described above is then applied to 
the^ filtrate. ^ • 

^ festimation of CyanatCtS. — The ^method proposed by Herting^ is 
basc?l^ on the decomposition of cyanic aeitl into carbon dioxide add 
aramo^a : — • • • • 

^ HCN0 + M,0 = e0, + NH,,. 


A measured*quantity of th^ solution, containing o-2 to 0-5 g. cyanate, 
is acidified wijh dilute sulphuric or hydrochloric acid, and the solution 
boiled for half an hour, when the reaction expressed by the above 
equation is complete. The solution is then tremsferred to a distilling 
flask, an excess of sodium Rydroxide solution added, and the mixture 
distilled through a condenser into a measured volume of standard 
sulphuric acid, 

The excess of acid Js titrated with standard alkali, using methyl 
orange as indicator. Each cubic centimetre o( N/ 10 acid neutralised by 
the liberated ammonia — o-oo8i g. KCNO or 0 0065 g. NaCNO. 

• The prc.sence of cyanide does not interfere with the estimation, as 
the hydil)cyanic acid is driven off on boiling the acid solution. 
Fcrrocyanides or other iron cyanogen compounds, if present, should 
.be removed by precipitating the solutioii, after acidification, with a 
• ferric or ferrous salt (iKjt iron alum) according to the particular iron 
cyanogen (?bmpound present. If ferrocyanides are present, the 
precipitate must JdQ added to the 'alkaline solution in the distilling 
flask, before distilling off the ammonia, as when ferric ferrocyanide is 
precipitated in the jjresenrc of ammoniun» salts some of the ammonia ^ 
combines with the precipitate. 

The use of potassium hydrogen sulphate iif plac# of the free mineral 
acid has beeji «uggested«by Wilbafter.-* , • , ^ 

Estimation by the Silver Salt . — This mefhod depends on*tbe fact 
that*insoluble silver cyanate is decomposed by hot ^dilute nitric acid 
with the formation of silver and ammonium titrates and carbon dioxide. 

TJie 'Elution to be estimated is precipitated with an excess of 

^ Z. angewmChem.^ .9«.,24. 585. • z, anal, 190^42, 77. 
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silver nitrate solution, ‘and the insoluble clotty precipitate Vf silver 
cyanate filtered, washed, and digested for about one hour, with a 
measured quclntity of standard nitric acid. 

The silver cyanate is decomposed by this treatment according to 
the following equation : — ' ' ' 

AgGNO + 2HNO3 + II., O = AgNOs + NHjN^j + CO.3. 

It 

The amount of ciyanate may then be d^termin^ in any of the follow- 
ing ways : — « o ’ p 

" I. Titration of the Excess of standard nitric acid with standard 

». f’ 

alkali solution. 

2. Titration, of the sllve;- nitrate produced, by standard iU/io 

potassium thiocyanate solution,' using ferric nitrate^ 
indicator, or by neutralisfng the excess of acid by ammonia, 
evaporating to drive off the free ammonia and titr5tt\:g the 
resulting solution with I//10 sodium chloride, potassium 
chromate as indicator. * < 

3. Estimation of the amirionia formed, by distilling into stanc]ard 

acid, after adding an excess of sodium hydroxide' as described 
above. 

Chlorides, bromides, iodides, or cyanidef> do not interfere with this 
test, for although these salts form insoluble silver compounds, and are 
precipitated with the silver cyanate, they are not^iecomposcd when 
treated with warm dilute nitric acid. Eaqh cubic centimetre of 
N/io HNO3 consumed =000406 g. KCNO, and each cubic centimetre 
Njio KCNS or iVjio NaCl consumed =000811 g. KCNO. 

SPENT OXIDE OF IRON 

Spent oxide of iron is produced in the purification of coal-gas. 
Hydrated bog-iron ore or artificially prepared hydrated iron oxide, 
mixed with peaty matter, sawdust, etc., to make a porous mass which 
the gas may readily permeate, is placed in layers’ fn. closed boxes called 
oxide purifiers, through which the foul coal-gas passes. The main 
reaction which takes place i» the combinatiop of the hydrogen sulphide 
of the' crude gas with the iron oxide to form iron sulphides and water. 
When all the iron hf.s be%n sulphided, the material is removed from the 
‘ boxes and expqsecFto the air to levi^ify. The* iron*^is thus^ re-oxidised 
with pseeipitation of free’sulphur. When the revivification is complete 
the material is p^t back into the boxes and resulphided. Immodern^ 
practice revivification is allowed to taKe^placo in situ. 

The oxide may be used for purification unti^^ the peroSAta^ 
sulphur ir^the mixture rises to^about 45 to 50 par cent.,^hen it is much' 
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too {nmt tt) be of fyrther use f|s a purifying agent^ and is then 
replaced by fresh oxide. ^ 

Besides the main reaction mentioned above, a numb^’ of subsidiary 
reactions also take place between the purifying mixture and the minor 
impurities of the crude gas, thus : — * * • 

1. The hydroc^nic aciS in ^the gas in conjunctioja 'with a little 

ammonia — which is |ilv\*ays^» prese^it — reacts with the iron 
suiphfde to fWrm ferrous ammpnium ferrQcyanide, which in 
contact with t!i« air is converted one, »5i*more of the ferric 
or ferrcfeoferric arr^moniwm ferrocyai^Mes. 

2. The hydrocyanic acid in the presence of ammonium sulphide 

also reacts with the* frac ^sulptiur to form ammonium 

» thiocyanate. " 

3. Ifi the revivification of the oxide a* smcJl portion of the sulphide 

^ -^is oxidised first to ferrous sulphate and finally to a basic ferric 

suli^bat^. / • ^ 

4. A considerable proportion of tarry matter Js mechanically 

, scrubbed out of the* gas. • 

« 

Thus the spet\t oxide is a somewhat complex mixture, containing 
not only the sulphur and the residue of the peat and sawdust mixed 
with the original oxide, but complex fcrrocyanides, thiocyanates, sul- 
phates, ammoma^pyridine, tar, etc. 

The spent oxic^ is chiefly of value on account of the sulphur it 
contains for the manufatture of sulphuric acid, and is bought and sold 
on the percentage of free sulphur. When the ferrocyanide content is 
high enough (over 4^ to 5 per cent.), the material is bought for the 
recovery of the fcrrocyanides. Of late years, however, as the ferro- 
cyanogen content of the spent oxide has gradually decreased for a 
number of causes — chiefly the growing use of the vertical retort — 
less of this material is available for feri^ocyanidc extraction. 

It must^ be particularly emphasised that accurate methods of 
analysis are useless if the sampling is faulty. Ihe sample, which 
should be a good Jiverage of the whole bulk, is very carefully ground, 
sifted, and well mixed, and no part of the sample rejected ; any pieces 
of wood, sawdust, oT fibrous material that cannot be made tcT pass 
through the sieve must be broken up as small as possible, mixed with 
the bulk, and on ng account throw^n away (sc* also^. 4). 

A full analysis of flie spent oxi 3 e is seldom required ; only the 
moisture and sulphur, and sometimes the ferrocyanide,* thiocfanate, 
%and*amfhonia, are estimated. • 

I. Moisture. — Five g. ^f th® ffnely-powd^red spent oxide is weighed 
^ht itito* a* small wetghpd porcelain dish and dried in the water oven at 
100° C. to conitant weight. 
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This figur^, howeverfdoes not represent moisture only,'but^cludes 
a small and variable proportion of Siaphthalenc, light oils, and some- 
times small qu^ntiti^s of ammonia, pyridine, or hydrocyanic acid. The 
figure obtained, therefore, is generally a little in excess of the actual 
moisture* present. On the,ot/ier hand, a small quantity 6f oxygen is 
absorbed by tjie oxide in the oxidation 'of some/errous hydroxide or i 
iron sulphides tha'c have qscapet^ the/revivificatioil process, and of some . 
sKght trace of free sulphur, the amount ‘of which/dependa on the time of 
drying, which tend io com! terbalance the abovp'"jrror. 

' 2. Ferrocyanides. — "Wie method iVi general use in- the industry for 
the estimation of ferrocyanides in spent oxide is a modification, of 
Knaublauch’s method, the** extracted and purified ferrocyanides bqjjig 
titrated with a< standard solution of copper sulphate. Of late 
zinc sulphate solution tas been tairly generally substituted, for the 
copper salt (see p. 634). At the present time Williams’^ rn^h.yd of 
distilling the ferrocyanide with am acid and cuprous chjqride into an 
alkaline hydroxide solution and titrating the cyan^e produced h 
coming into general recognitjon as a simple and accurate method of 
estimation ^ (c/. p. 636). < 

Twenty-five g. 6f the finely ground spent oxide .is digested at the 
ordinary temperature with 100 c.c. of a 10 per cent, solhtion of sodium 
hydroxide, with occasional stirring for eighteen to twenty hours ; a 
convenient method is to pour the alkaline solutioi:^ orn to the spent 
oxide placed in a mortar and agitate with the pcstl^. 

When the operation is completed the whole mixture — both soluble 
and insoluble — is poured into a graduated flask and diluted to 260 c.c., 

10 c.c. being allowed for the bulk of the insoluble matter. 

The mixture is thoroughly agitated and then filtered through a large- 
sized dry filter-paper. One hundred c.c. of the clear filtrate is acidified 
with dilute sulphuric acid (i to 4) in a beaker of 250 c.c. capacity, and 
an excess of ferric sulphate or chloride added to precipitate the ferro- ’ 
cyanide as the blue ferric compound ; the presence of excess of ferric 
salts is indicated by the red coloration due to th,e thiocyanate almost 
invariably present The precipitated mixture is stirred, allowed to stand 
for about ten minutes to allow the precipitate to clot together, and then 
filtered through a large pleated filter-papet The liquid is allowed to 
drain through, and the beaker and precipitate washed with boiling dis- 
tilled water to which'a littfe sodium sulphate has been, added — to prevent 
the blue passing through the paper as a colloidal' solution v^hen washed — 
until tile'^filtrate is free from colour. In this operation the ferrocyanide 
is freed from the thiocyanate and the bulk of the impurities. ^ / 

9 ' 

^ Soc. 1912, 31, 315. , j-' ■ ^ 

2 H. G. Coleman and E. W. Yoeraan, /. Soc. Chem. Iwl. 1918, 37, 322T ; and' P. eI 
Spielinann anC Wood, 1919, 38, ». 3T. • 
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Wl^n {he “ blue ”* is thorou^Jjly washed V is removed from the 
funnel together with the filter-paper, placed in the beaker in which it 
was originally precipitated, lOO c.c. of 5 per cent, potas^um hydroxide 
solution added^and the contents stirred with a glass rod until all the 
blue is decomposed. This operation li gj;eatly assisted l*y •the filter- 
paper, which readil\breaks Hown to a pulp on stirring, pitd divides up 
• ttie clots of “blue.” ^ When all tf^d “ l^lue” is decorrfposcd dt is washed 
without fillratpion int<^ a graefuated flask of 250 c.c. capacity, aftd 
diluted to the mark on^tiie neck with distiKe<l wate»,no allowance being 
made for the voiume oT thc^pJyer. The nVixture is then thorough 4 y 
ag'tated and filtered through a dry paper. 

»,The decomposition of the “bkic” must n?)t be hastened by heat, and 
'^-pjpiixture must be diluted directly all ihc blue is clecomposed and 
not allcfved to stand in the stronjjly alkalinp liquid. This prevents 
the sulphur, wfiich* is frequently precipitated with the ferro- 

^anide, froa? passing into solfttion as polysulphide and thiosulphate, 
which would seriously interfe*re with the results obtfiincd on sub- 
sec;uent titration with the copper solution. The hltratc prepared 
as above nftist be tested for the presence of sulphides, and if 
present they mu»t be removed by agitation with 'lead carbonate and 
filtration. • , 

Fifty c.c. of the final purified solution is measured into a precipita- 
tion beaker 0(^290 c.c. capacity, acidified with dilute sulphuric acid, 20 
c.c. of potassium, efiloride solution added, and the liquid titrated with 
standard copper sulphate solution in the manner described on p. 633, 
observing all the precautions mentioned there. 

If the copper solution is standardised so that i c.c. will precipitate 
the ferrgeyanide equivalent to o-oi g. ferric ferrocyanide, Fe4[Fe(CN)(j3, 
then as the solution taken corresponds to 2 g. spent oxide, the 
percentage of fcrrocyanide in the spent oxide calculated as ferric 
' fcrrocyanide is readily obtained by dividing by two the number of 
cubic centimetres of cop{>er solution required. 

Titration with st-indard zinc sulphate solution in place of the copper 
salt offers some* marked advantages, eg., the presence of siflphides 
in excess docs not interfere. If a zinc solution of which i c.c. will 
precipitate ferrocyamdts equivalent to 0-05 g. ferric fcrrocyanide iS used, . 
100 c.c. of the original alkaline extract (= 10 g. spent oxide) is^ taken, 
acidified and titrated with the zinc^ solution wiAiout separating the 
fcrrocyanide T^y precipitation with an iron salt. • f he ^accuracy of the 
resi^lt thus obtained may be affected by two factor.s. If the thiocyanates 
^are more than a trace, the end-point will be difficult to observe on 
acegunt ^f the red colou!* of ferric thiocy'&nate ; further, the organic 
•matfer in the original alkaline solution may hold small quantities of 
ferric hydroxide in colloidal solution. When the Ijquid is ^^oidified this 
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iron hydroxide precipitates a small quantity of the ferrocyanid^; which 
thus escapes estimation by the zinc. 

It is better, therefore, for accurate work to precipitate the ferro- 
cyanide, wash and decompose the blue as described ^above, and take 
125 C.C, Of fhe filtered and, purified ferrocyanide solution "tor titration 
(= 5 g. spent pxide).'* ^ ^ / * 

The results 9btained,by th^'se^ titration methods are liable to 1 ) 6 ■ 
a* little low, for reasons which there Is not s}-fficient <^p^ce tOr enter 
into here, but wh^di are **m‘oVe fully dealt wit^ elsewhere.^ 

Esiimaiion as Hydroejuinic Acid. Aif aliquot part of the solution 
of the decomposed prussian blue, prepared as above described and' 
equivalent to i or 2 g. of t'Ae spent o^ide, is placed in a distilling fla^^k, 
an excess of dilate sulphuric acid and o*i g. cuprous chloride disserves-.! 
in hydrochloric acid added, and Itie mixture distilled. The evolved 
hydrocyanic acid is passed through a condenser into a dilute^^dution 
of sodium hydroxide, and the re3ultin|r cyanide solutioivthcn titrated 
with Nlio silver nitrate as described on'p. 624. , 

A simpler method of estimating the Tcrrocyanides in spent oxide, 
which is at the same time accurate and comparatively rapid, is a modifi- 
cation of the cuprbus chloride method. The residue from the spent 
oxide, after extracting \he sulphur by carbon disulphide, is carefully 
removed from the* extraction apparatus, and after removing the excess 
carbon disulphide, boiled with water and filtered to, cjttract the thio- 
cyanates. The residue, together with the filter-paper, is boiled with 
50 C.C. of a 5 per cent, solution of sodium hydroxide. The solution 
is then cooled, diluted slightly, filtered, and the insoluble matter washed. 
The filtrate and wash water are then distilled in the usual manner 
with cuprous chloride and acid, and the resulting cyanide titrated with 
silver solution. 

3 . Thiocyanates. — The thiocyanate in spent oxide may be estimated 
by treating 10 g. of the finely powdered spent oxide with distilled 
water, filtering and washing the oxide to 200* c.c. A meas^ured volume 
of the solution is then titrated with N\\o silver nitrate. If chlorides 
are al^o present, they must be removed as described on p. 644. 

4 . Ammonia. — Five g. of the ground spent oxide is placed in a 
distihing flask, a slight excess of dilute sodiurfi hydroxide added, and 
the rnixture distilled into a measured volume of standard sulphuric 
acid. The excess df acid is titrated with standard alkali, using methyl 
orange as mdicatof. Very considerable frothing sometimes takes 
place'inAhis estimation, but it may be overcome by substituting fresh 
calcium hydroxide for the sodium hydroxide. 

5 . Sulphur. — See p. 364 and “ Illuminating Gas,” Vol. ly, 

' H. E. Williams,/. Soc, Chem. hid,., 3f, 315. 
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THIOCYANATE GAS LIQUOR 

^ ^ 

Thiocyanate gas liquor is produced by scrubbing the hydrocyanic 
acid from d’ude coal ^as by means c?f ^olysulphide soli/ti«n, or by 
i allowing the gas \^^ass thfough layers of spent oxid^Hkept moist 
.with a spray of water. V ' > * . ^ 

Tl\e finrsh^ solution contiiins about 20 per cent, of ammoniurti 
thiocyanate, some arrinonium sulphide* *ai^d canbpnate, and small 
quantities of amrnoniiJm ftniDcyanide, Cii.»7bonylferrocyanidc, thio^ 
’sulphate, thiourea, , tarry nri^itter, and phenolic bodies. 

Jt is used as a raw material /or^the mafiufacture of cyanides, and 
fft.r the preparation of pure thiocyanate of ammonium cJJnd other bases. 
For^hc jjprmer purpose it is convertt;d intb the^ sodium salt, evaporated 
to^'dwiness, fused with lifetallic iron, and redissolved in water. The 
ferrocyaiiidc^so produced is crystallised, dehydrated, and fused with 
Fffetallic sodiurn Ibr the producttoji of sodium cyanide. 

I. Thiocyanates. — Fifty gc. of the liquor is diluted to 500 c.c. and 
thoroughly mixed ; 50 c.c. of this solution is measured out, diluted 
with distilled water, a small quantity of iron altfm added, and the 
mixture warmd^l to 60'’ .C to oxidise the small quantity of sulphide 
and thiosulphate present If the colour of the iron alum solution 
completely disappears, more must be added, until the colour of the 
ferric thiocyanate {persists. The mixture is then allowed to stand 
a short time to clott the precipitate of ferric ferrocyanide and 
carbonylferrocyanide, which is then filtered off. The precipitate is 
thoroughly washed with distilled water containing a small amount of 
s6dium sulphate to prevent the “blue” from passing through the 
filter. The filtrate, which contains the whole of the thiocyanate, is 
then precipitated as the cuprous salt, filtered, washed, decomposed 
• by chloride-free sodium hydroxide, again filtered and washed, and the 
filtrate diluV^d to 250 c.c Fifty c.c. of this solution is then diluted, 
acidified with pure dilute nitric aejd and titrated with N /10 AgNOg, 
using ferric nitrate ^fs indicator as described previously. The nurfiber ©f 
cubic centimetres of A'/io AgNOg required x 0*0076 x 100 = g. NH^CNS 
per 100 c.c. ' ’ ' ' ' 

The washed precipitate of ferric ferrocyanide and carbon>’^ ferro- 
cyanide may be decomposed by a dilute solution o^^' sodium hydroxide, 
filtered and \^ashcd, and the filtrates distilled witfi capr/^us* chloride 
and sulphuric acid as described on p. 636. Yhe resulting cyaidde is 
^itrated’with N/io silver nitrate. One c.c. N/io AgN03 = o*oo94 g. 
(NH^XF^CN)^. ' . * 

•• li^it isMesired t& s^arate any carbonylferrocyanide from the ferro- 
* ^ P. C. Williams, B. P, i^6o4 (1909)* » 
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cyanide, the ^Ikaline solution resul)(ing from the decompdsitic^i of the 
precipitated iron salts is first neutralised with dilute sulphuric acid, 
zinc sulphate,, solu^on added to precipitate the two iron cyanogen 
compounds, and the whole made alkaline with sodium prbonate. After 
agitatior? it is warmed to 40'^ C. for a few minutes and filtered. The 
filtrate, wbicji contains the carbonylfefrocyanide, and the insoluble r 
ferrocyanide are 'separately di^tilKJjcl with sulphuric acid and cuprpus 
dhloride. ‘ ^ e ^ 

t c.c. Njio AgN03-"o,oo94y(Nn,),Fe(CN), m e.3io7 g. (NHi)3Fe(CN),CO. 

' . . . ■ \ . * . 

2. Thiourea. — The estimation ot thiouirea is carried out by the 

method described on p. Ch 7 - Fifty c.c. of the solution is precipitated 
with lead acetj^te in slight ejlcess and filtered, and the precipitate ^of 
sparingly soluble lead thidcyanat«e washed. The lead in the fiTtrate 
is then removed by a slight excess of s'jdium sulphate an4^,ag^in ' 
filtered and the precipitate washed. ^.The filtrate is then diluted to 
200 to 250 ^.c. with distilled water 'in a large made stronjji/ 

ammoniacal, and heated on the sand-batf\. To the warm solution Njio 
AgNO^ is run in with agitation. One c.c. Njio AgN03 ~ o-oo^8 g. 
(NH,);CS. _ . 

The titration of the thiocyanate by yV/io silver nitrate is very 
seriously interfered with by the presence of a considerable proportion 
of thiourea. Precipitation of the thiocyanate as the,, cuprous salt is 
useless as a method of separation, as the thiourea is also precipitated. 
If, however, the solution is acidified with dilute nitric acid and titrated 
with Njio solution of mercuric nitrate, using ferric nitrate as indicator, 
a reading corresponding to the thiocyanate plus thiourea is obtained. 

A further and equal pd/tion of the solution is then treated with lead 
acetate to remove the greater part of the thiocyanate as described above 
and the excess lead removed by sodium sulphate; the thiourea in the 
final filtrate may be determ i.ied by Njio AgNOy as described above.. 
The amount of thiourea so obtained is then deducted from jhe combined 
thiourea and thiocyanate reading of the A^io mercuric nitrate and 
the remainder calculated as thiocyanate. One c.c. Njio lIg(N03)j,= 
0-0076 g. NH4CNS or 0-0076 g, (NH2)2CS, and as i c.c. of Njio 
~ (N 1^2)203, half of the,, amount of silver nitrate 

consumed in the thiourea titration must be deducted from the Njio 
Hg(N03)2 reading, nf equal volumes of the original solution were taken 
for each, titratipn, 

GAS LIQUOR. 

This liquor contains stmmonium su'lphidc and carbonat^ together 
with small quantities of ammonium cyanide, thiocyanate, ferrocyanicfe, 
carbonylfe^rocyanide, thiosulphate, thiocarbonale, phencls, pyridine, etc. 
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GAS LiQUOR 

' On|^* the estimation of the cyanogen constituents will be considered 

here, '^he analysis oY these licfubrs has been the suliject of much 
investigation by Linder,^ and the method^ given below are based 
chiefly on his work. • * * ^ 

It is nocessary that the samples 4 be analysed at thg earliest 
^ possible moment •cfiid k^pt entirely out of*conta(#t with air, otherwise 
.the ammonium sulpiride will oxidise, *forming ^thiosulpllatg and poly- 
sulphide, and ^he latter body wilf re 5 ct wi^ ammonium cyanide to 
form thiocyanate. An;J ammonium thioc»jbj)nate giiesent in the liquor 
will, on standing,^gradujtfly docompose into ajjnmonium thiocyanate ai)^ 
•hydrogen sulphide. • 

^l. Thiocyanates. — 250 c.c. of the gas Iquor is mea.surcd into a 
graduated flask, provided with a stopper^ fitted with connections for the 
supffly of coal gas, lO g. pure lead carbonate is added, the air displaced 
b}{^cqgLl gas, the stopp(»r fitted and ihe flask well*shaken, and left to settle. 
The cleaMi^or must be tested with ^Icad paper, and if sulphide is still 
present, more It^ carbonate added. 150 c.c. of the clOor supernatant 
liquid is boilefl for 10 to minutes to remove -cyanide, cooled, 
and* made uj% to 150 c.c. To 50 c.c. of* this solution dilute sulphuric 
acid is added in sljght excess, and the ferrocyanidos precipitated by a 
very slight excess of irqn alum solution. The precipitate is filtered 
off, and washed with a dilufe solution of .sodium sulphate to prevent the 
“ blue ” passing through the filter in a colloidal condition. This pre- 
cipitate must be reacted, and cannot be taken for the estimation of 
the fcrrocyanides owing to the fact that ammonium fcrrocyanide is 
slightly decomposed in the preliminary boiling to remove cyanide, with 
evolution of ammonium cyanide.- In the absence of air this decom- 
position may be represented thus : — 

2(NHJ,Fe(CN)o -- f o(NH,).3Fe(CN)6+ 6NH4CN. 

Whereas in the presence of sufficient ai^* the decomposition proceeds 
* thus:^ — • 

i4{NfUFe(CN), + 0.3 *== 2Fe;"Fe"(NH,UFe(CN),], 

• + 36 NH,CN + 4NH3 + 2lL/). , 

To the filtrate from the ferric ferrocy^ide a moderate exces^ of a 
solution of sodium metabisulphite is added, the liquid warmed to 60° to 
reduce any ferric salt pre.sent, and copper si^phate solution added in 
slight excess, ^as shown^by the bjue ^:olour of the supernatant liquid. 
The mixture is then allowed to stand in a wym ^lace for-a short time 
to cc^agulate the precipitate, which is then filtered and washed, U?ing a 
^ ^ Alkali Report, 1903, pp. 31-39^; 1909, pjj. 15-19 ; and ^ppendix to .?//«/;' Report^ 1894-I917, 

• 2 Ii‘. G. Colman and E,*W.A^oeman, /. Soc, Chem, Jnd., 1918, 37, 319T. 

^ H. E. William^ Chemntu^ of Cyanogen Cotnpoum^, p. 95. 
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dilute solution of potaisium sulphate as wash water. The ir’soluble 
cuprous thiocj^anate is then washed o^t of the filter into the breaker in 
which it was originally precipitated, 25 c.c. of a 4 per cent, solution of 
sodium hydrojilide added by pouring the alkali through the filter-paper 
to decompose and remove any (thiocyanate left inthe^pore&of the paper. 

The solution is tken waimed and stirred u.itil the decomposition is 
complete, filtered, thoroughly washed with hot water, the filtrate cooled, 
atidified with dilute nitrid acid in slight excess, and titrated with Nf\o 
AgNOg solution, tiding a fieri^ic salt as indicator. 

, In the absence of ch'orides or cempounds yielding an insoluble 
precipitate with silver nitrate in nitric acid solution, the liquor after 
treatment with lead carbobate, boiling off the cyanide and precipitation 
of the ferrocyaride, may be aciQifiecl with nitric acid and directly titrated 
with silver nitrate. 

2. Ferrocyanides. — As the desulphided Kqiior cannot be boiJjed.,to 
remove the volatile ammonium cyanide before precipitatidh of the 
ferrocyanide c . ing to the loss of part o? the cyanogen , ^f the ammoniu^.. 
ferrocyanide, the following method is recommended by H. G. Colmaii.^ 
To 100 c.c. of the sample a few drops of ammonium polysulphide are 
added in slight excess, and it is allowed to stand fifteen minutes to 
complete the conversion of the cyanide into thiocyanate. Lead 
carbonate is then added to remove the sulphide, and about 10 c.c. 
of Nji sodium hydroxide added to convert the ferrocyanide into 
the sodium salt, which is stable during the boiling. ' The ammonia is 
then boiled off. The solution is acidified with dilute sulphuric acid 
and iron alum solution added in slight excess. The solution is then 
filtered and the precipitate washed with a dilute solution of sodium 
sulphate. The precipitate is then decomposed by washing the filter 
with Nji sodium hydroxide and finally with water. The filtrate is then 
strongly acidified with sulphuric and distilled with a little cuprous 
chloride into Nji sodium hydroxide. The cyanide so produced is. 
titrated with Njio silver nitrate. 

Mayer and Hempel’s method is as follows : — 250 c.c. of the liquor 
if slightly acidified with sulphuric acid and tho ferrocyanide pre- 
cipitated by a slight excess of iron alum. The solution is then heated 
to 6b° and the ferric feilbcyanide filtered off and washed. The 
cyandgen content of the precipitate is then determined by Feld’s 
method for ferrocysmide estimation (p. 633). 

3. Cyanide.* — eld’s method: — An excess of a strong solution of 
lead iiitmte is added to 30 c.c. of the liquor in a distilling flask and the 
mixture distillec^ into a solution of sodium hydroxide. The lead, 
nitrate, which precipitatesi the sulphidj^, ferrocyanide, etc., reacts also 
with the ammonium cyanide forming lead cyanide, which decon^poscs 

' ^ Loc. cit. 
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\ / / 

on boiUhg into hydrocjyanic acid ^nd lead hydroxide. The evolved 

hydrocyanic acid is absorbed in tfie alkaline solution and ^ the resulting 
cyanide titrated with N/io silver nitrate. i 3 ne f.c. NJio AgNOg = 
0-0088 g. NH,C;N. 

This metltod is ^nly applicable in the^ab^sencc of free ammonia. In 
%the presence of free^ ammohia the following procedi^re must be 
•followed : — 50 c.c. of clear liquor aft«t rcjnoving the sulphide ^^y shaking 
with lead caj;boftate is rin into a^light exces/ of a 25j3er cent, solution 
of aluminium chloride dJlytcd to 200 c.c. Tlifc st)lufi®n should then be 
acid to litmus paper ; normal soflwm carbonale solution is added until 
Ue tsolution is distinctly altcalinc, followed by 10 c.c. of a 20 per cent, 
sol’ition of lead nitrate, which sho%ildjrender me soluticyi acid to litmus. 
T/he ^lydrocyanic acid^ is then distilled off ynd estimatccl as describad 
above^ ^ , 

cyanide may also%e estimated in the filtrate after separation 
of^the ferro<it,^anides obtained in Colman’s method o^ferrocyanide 
separation described above. ’I'his filtrate contains not only the 
thiocyanate originally pre.scnt* in the liqwor, but also that formed by 
the action of^the ammonium polysulphide in the cyanide. If the 
total thiocyanates 'are estimated, and the amount* originally in the 
liquor as determined by th^J above method deducted, the thiocyanate 
equivalent of the cyanide is obtained. 


CONCENTStATED AMMONIA LIQUOR 

This liquid is prepared by preheating the ordinary ammonia gas 
liquor, when the greater bulk of the hydrogen sulphide and carbon 
dioxide i^ driven off, and then distilling the liquor, first to drive off 
the free ammonia and then with lime to decompose the fixed ammonium 
compounds. The distillate is condensed. 

The liquid thus produced consists essentially of a solution of 
ammonia, coriaining small* proportions of sulphide, carbonate, cyanide, 
thiocyanate, and fetroejanide of amrponium. 

The estimation'oF the cyanogen compounds in this liquor has beerf 
the subject of recent investigation by H. G. ^olman and E. W. Yoenyan,^ 
P. Pv. Spielmann and ft. Wood,- and E. Linder.^ 

Great care must be taken in sampling and iy the preservation of the 
samples from the air* to prevent sub^idi^ry actions frogi taking pjace. 

I. Cyanide. — In the method recommended hy Cdlman and Ypeman,^ 
100 c.c. of the concentrated liquor is run from a pipette into a flask 
ciintaining 100 to 200 c.c. of boiling water to which*about 10 c.c. of 
N/i i^diyQi hydroxide haj? becfi previously added. The water must 

1 /. Soc. Chem. Ind., IQIS,* 37, 319T. “ Ibxd., 1919, 38, 4^T. 

^ Appendix Alkali Reporty ^ Loc.ht. • 
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be boiling foi;«some minutes to rempve all the dissolved oxygeV^ before 
the addition of the liquor. When the bulk of the ammonia has been 
driven off by f.ontirmed boiling, a solution of 5 g. lead nitrate is added 
and the mixture distilled for twenty to twenty-five minutes into a 
solution of 25 c,c. Nji sqditlm hydroxide. Wh9\i the “distillation is 
complete, tlic sodium^ cyanide in the distillate is titrated with Njior 
^Iver nitfdte, qsing a ^few 4^op'ii of potassium iodide solution , as* 
indicator, i c.c. JV/io AgN03 = o oo8§i g. NI^^CN. c ^ 

E. Linder^ fc 5 s statTsd that this methpi. is inaccurate in the 
l^resence of thiosulphatls, due to tfie^ conversion • of some of the 
cyanide into thiocyanat^. by boiling witfe the alkali in the presence 
of thiosulphate. H He therefor^ suggests the following modificatioi? : — 
350 c.c. of the*liquor is rui\ into a graduated flask, 10 g. lead carbonale 
added, and the whole shaken in ’the presence of coal gas: 00c c.c. of 
the clear supernatant liquor is boiled to*’ remove the bujk t/f ‘the 
ammonia after the addition of 50 c.c. of N/i sodium hy^h'oxide to fix 
the cyanide. ^^The liquor is then coolt‘(l and diluted i'i ^250 c.c. 

One hundred c.c. of this solution is run into a slight excess of 
a 25 per cent, solution of aluminium chloride (say 10 \:.c.) diluted to 
150 c.c. The solution shoul^l now be acid to litknus paper: normal 
sodium carbonate is then added to remoye the excess of aluminium 
chloride (3 to 4 c.c. should make the liquid alkaline to litmus), followed 
by 10 c.c. of a 20 per cent, solution of lead nitrate (solution acid to 
litmus) and the hydrocyanic acid distilled into Nj i sodium hydroxide. 
The resulting cyanide is then estimated by t’ltration with N/io silver 
nitrate in the usual manner. 

2. Thiocyanate. — One hundred c.c. of the desulphidcd and ammonia- 
free solution prepared as above ( = 80 c.c. original) is slightly acidified 
with dilute sulphuric acid, a few drops of strong ammonia added, and 
the solution boiled for ten to fifteen minutes to expel all cyanide. A 
few drops of iron alum are added to the cooled, solution in slight excess, 
the liquid filtered from the precipitated fcrrocyanide, ind the latter 
thoroughly washed. To the filtrate a moderate excess of a solution 
'of sodium metabisulphite is added and the mixture heated to 60-70° 
to reduce the ferric salt. distinct excess of a 10 per cent, solution 
of eppper sulphate is added and the heating continued to incipient 
boiling. ^ t 

The solution ir filtered after rtanding a sho^t tinne, and the precipitate 
thoroughly, washed!" Xhe precipitate is then decomposed with 25 c.c. 
of a*'4 per cent, solution of chloride-free sodium hydroxide and, again 
filtered and waslied. The cooled filtrate is acidified with dilute nitj»^c 
acid, a few drops of a solution of ferric' nitrate ad(Jed, and then titrated 
with A710 AgNOs in the usual manner. The Prussian blue precipitate 
* * * * ^ Zoc, cit, ' " 
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\ obtain^ ir» above should not be used for ♦the estimation of the 
ferrocyanides. * § * • 

3. Total Cyanogen as Cyanide and Thiocyanate.— A few drops of 
ammonium polysulphide are added to lOO c.6. of ^he ufitreated liquor 
till the solution^shows a permanent excess of the polysulpiii^e. Any 

^ cyanide present %s thu€ converted into thiocyarfate. Af^-er standing 
^fifteen minutes to complete the reaction, the, sulphide is i^emoved by 
tlfe addition ofjead carbonate, smdP the*filtrayk boile’d^ith the addition 
of about C.C. ^diuri\ hydroxide* dll^ mpst jcff the ammonia is 
driven off. The solutiofl is •made slightly ^cid with dilute sulphuric 
•acid, iron alum solution added in slight excess, and the precipitated 
ferrocyanide filtered off and thoroughly wjished. The filtrate, which 
contains the whole of the tlyocyanate otiginally prese*ni in the liquor, 
plus*Jthe thiocyanate equivalent of the t:yanidc, is precipitated *as 
cujjr^us thiocyanate and estimated in the mafiner described above. 

If tht\ thiocyanate equivalent of the cyanide is deducted from the 
amount of thiocyanate found, the result will equal the ifwount of thio- 
cyanate originally present in Jhe liquor, or if the thiocyanate is known 
andVleductec^from the total figure the result will be the thiocyanate 
equivalent of the cyanide. • 

The cyanide and thiocyanate may be conveniently estimated 
colorimetrically by mean.? of the tintometer, and .this method has 
been developec^by P. E. Spielmann and 11 . Wood.^ 

4. FerrocyanAe — The ferrocyanide precipitate obtained above 
may be decomposed b); dilute sodium hydroxide, and the precipitate 
washed and the ferrocyanide. estimated by distilling the filtrate with 
dilute sulphuric acid and a little cuprous chloride as described on p. 636. 

• 
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TABLE I.*, ' 

V 

T?»ble for correcting theiVolume of Water or of Dilute Standard 
^ Solutions (yv/5 qr q;iore dilute) to 15°. , 

. . • * • • 

"niis is a more con\ftnient form, for yractic«‘k work, of the Table on p. 33 ,» 

the^temperature of thy ^olution it is multipliied by tlie factor in column 
rt, to c^rect the volume to 15 “ ; or the value in column b is deducted from 
_ the obser^d volume. • 

< * •• 



\ a. 

• 

h. 

• 

• 

a. 

6. 

c. 


Vulno III c.c to 
lx* <li‘iluct('<l fniin 
••ai li KM) (•,.(•. 

m 

t'\ 

paiUir* 

Valud in c c. to 
l)(> ili'tluotPdfrom 
ctvcli 100 c.c. 

ID 

•1,0000 

• 

0 

23 

* — 

0,9980 

0,135 

IG 

0 , 9099 * 

0,013 

21 

0,9984 

0,150 

17 

0,9997 ' 

0,027 

it 

25 

0,9982 

0,1 ro 

18 

0,9900 

0,012 

20 

0,9980 

0,202 


0,9994 

0,0D9 

27 

0,9977 

0,227 

20 

1 0,9992 

0,070 

28 

0,9975 

0,252 

21 

0,9991 

0,09D 

29. 

0,9972 

0,278 

22 

L 0,9989 

1 

. 0,114 

30 

0,9970 

0,305 
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, , TABLE II. 

Table’ for reducing: the Volume of a Lias to o" C. , 



0“ 

1’ 

2: 


« 4’ 

6* 

G" 

7’ 

8“ 

0° 

1 10* 


1 

0-996 

0-993 

0-989 

0-986’ 

0-982 

0-978 

0-975 

/(1-972 

*0-968 

0-965 


2 

1-993 

. 1-985 

1*978 

1-971 

1-964 

1-957 

1*^950 

1-943 

1-936 

1-92^ 


3 

2-989 

2 978 

2-967 

2-957 

2-946, 

2-936 

2-92^ 

2-915 

2-904 

2-894 


4 

3-985 

' 3-971 

‘ .3-956 

3-942 

‘ 3-9‘lJ 

3-914 

3-900 

3-886 

3-872 

3-85Sb 


"5 

4-982 

4-964 

4-946 

y-928 

4-910 

«4-893 


4 -853 

4-841 

.4-824 


6 

5-978 

5-956 

. '0-935 

';*-9>:3 

5-892 

5-871 

5-^50 

. 5-830 

5-809 

5-788 


7 

6-974 

6-949 

6-924 

,6-899 

6-874 

0-850 

6 '825 

6-801 

6-777 

6-753 

8 

7-970 

7-942 

7-913 

7-885 

7-856 

’ 7-828 

7-800 

7-!'73 

7-745 

7-718 

1 9 

8-967 

8-934 

8-902 

8-870 

8-838 

8-807 

8-775 

'8-744 

8-718 

8-6l2 


1 10 

9-963 

^ 9-927 

9-891 

f-856 

9-820 

9-785 

9-750 

9-716 

9-681 

9-6^7 


11 

10-96 

IO-O 2 

, 10-88 

10-84 

10-80 

10-76 ‘ 

10-73 

10-69 

10-65 

10:61 


l'2 

11-96 

11-91 

11-87 

11-53 

ll-7«3 

11-74 

11-70 

11-68 

11-62 

11-57 


13 

12-95 

12-91 

12-86 

1 12-81 

12-76 

12-72 

12:68 

12-63 

12-59‘ 

12-54 


14 

13-95 

13-90 

13-85 

13-80 

13-75 

'13-70 

13-65* 

13-60 

13-55 

18oTf 


15 

14-95 

14-89 

14-84 

14-78 

14-73 

M-68 

14-63 

14-57 

14-5^ 

r 

14-47 


16 

15-94 

19*68 

15-83 

15-77 

15-71 

r^66 

15-60 

I 5 J. 

15-49 

15-43^ 


17 

16-94 

16-87> 

16-82 

16-75 

16-69 

16-64 

16-58 

16-52' 

16-46 

16-40 


18 

17-93 

17-87 

17-81 

17-74 . 

17-67 

17-61 

17-55 

17-49 

17-43 

17-76 


19 

18-93 

18-86 

18-79 

18-72 

18-65 

18-59 

18-53 

18-46 

^ 18-39 

18-83 


20 

19-93 

19-85 

19-78 

19-71 

19-64 

19-57 

19-50 

19-43 

19-36 

19-29 


21 

20-93 

20-84 

20-77 

20-69 

'20-62 

20-55 

20, -4 8 

20-40* 

20-33 

20-26 


22 

21-92 

21-84 

21-76 

21-68 

21-60 

21-53 

'21 -45 

21-37 

21-30 

21 -22 


23 

22-92 

22 83 

22-75 

22-66 

22-58 

22-51 

22-43 

22-35 

22-26 

22-18 


24 

23-92 

23-82 

23-74 

23-65 

23-56 

23-48 

23-40 

23-32« 

23-23 

23-15 


25 

24-91 

24-81 

24-73 

24-64 

24-55 

24-46 

24-38 

^24*29 

24-20 

24-11 


26 

25-91 

25-81 

25-72 

25-62 

25-53 

25-44 

25 -r 5 

25-26 

25-17 

25-08 


27 

26-90 

26-80 

26-71 

26-61 

26-52 

26-42 

26-33 

26-23 

26-13 

26-04 


28 

27-90 

27-79 

27-69 

27-59 

27-50 

27-4(1 

27-30 

27-20 

27-10 

27-01 


29 

28-90 

28-78 

28-68 

28-58 

28 48 

28-38 

28-28 

28-17 

28-07 

27-97 


30 

29-89 

29-78 

29-67 

‘29-57 

29-46 

29-36 

29-25 

29-15 

29-04 

28-94 


31 

30-89 

30-77 

30-66 

30-55 

30-44 

30-34 

30-23 

30-12 

80-01 ‘ 

29-91 


32 

31-88 

31-76 

31-65 

31-54 

31-42 

31-32 

31-20 

31-09 

30-98 

30-87 


33 

32-88 

32-76 
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65*44 

65-23 

71 

68*25 

0%*01 

67*77 

67*51 

67*31 

67*07 

Vr84 

66*61 

66*38 

66-16 

72 

69*21 

68*97 

68*7i^ 

f 68*49 

68 26 

68*0*2 

67*78 

07*55 

67*31 

67-09 

73 

70*17 

69*92 

69*68 

69*44 

69*20 

68*96 

68*72 

• 68*49 

68*26 

68-03 

74 

71*14 

^•88 

70*61 

70*40 

70*15 

69*91 

69*06 

69*42 

69*18 

68-96 

75 

72*10 

71*31 

71*59 

7 1 *35 

71*10 

70*85 

70*61 

70*37 

70*12 

69-89 

76 

7 3 ‘06 

72*80 

72*55 

72*30 

72*05 

71 *80 

71*55 

71*30 

71*05 

70-82 

77 

74*02 

73*76 

73*51 

73*25 

73 00 

7*2*71 

72*49 1 

72*24 

71*98 

71-75 

78 

74*98 

74*71 

71*46 

7f*20 

73*94 

73*69 

73*43 

73*18 

72*92 

72*68 

79 

75*91 

75*67 

75*41 

75*15 

71 *89 

71*63 

74*37 

71*11 

73*85 

73-61 

80 

76*90 

76*63 

76*37 

76*10 

75*84 

75*58 < 

1 75*31 

75 *06 

74*79 

74-54 

81 

?7*86 

77*59 

1 

77*32 

77*05 

76*79 

76*52 

76*25 

76*00 

75*73 

75-47 

82 

78*82 

78-55 

78*28 

78*00 

77*74 

77*47 

77*19 

76*94 

76*66 

76-40 

83 

79*78 

79-50 

79*23 

78*95 

78 68 

78*41 

78*13 

77*87 

77*60 

77-34 

84 

80*75 

80-46 

80*19 

79*91 

79*63 

79*35 

79*08 

78*81 

78*53 

78-27 

85 

81*71 

81-42 

81 -14 

80*86 

80*58 

80*30 

80*02 

79*75 

79*47 

79-20 

86 

82*(;7* 

82*38. 

• 

82*10 

81*81 

81*53 

81 *24 

80*96 

80*69 

80*40 

80-13 

87 

83*63 

83*3« 

o3 *05 

82*76 

}^*18 

82*19 

81 *90 

81 ‘63 

81*33 

81-06 

88 

84*59 

84 *S9* 

84*01 

83-71 

83*42 

83-13 

82*84 

82*57 

82*27. 

81^9 

89 

85*56 

85*25 

84*96 

84 *66 

84*37 

84*08 

83*78 

83*50 

83*22 

82^3 

90 

86*52 

86*21 

85*92 

85*62 

85*32 

85*02 

84*72 

81*44 

84*14 

83-86 




* 




• 




91 

87*48 

87*17 

86*87 

86*57 

86*27 

85-96 

85*66 

85*38 

85*07. 

84-79 ' 

92 

88*44 

88*13 

87*83 

87*52 

87*22 

86*91 

86*60 

80*32 

86*01 

85*72 

93 

89*40 

89*08 

88*78 

88*47 ! 

88*16 

87 *8 5* 

87-54 

87*25 

86*95 

86*66 

94 

90*36 

,90 -of 

89^3 

89*12 

89*14 

88*80 

88 •49, 

88*19 

87*88 

87-59 

95 

91*a3 

91 *00 

90*68 

90*38 

90*06 

89*74 

• 

89^3 

89*13. 

8f?‘82 

88-52 

86 

^92*29 

91 *96 

91*64 

91 -33 

91*01 

90*69 

90-37 

90*07 

• 1 

89*75 

89-45 

97 

93*25 

92*92 

92*59 

92-28 

91*96 

91*63 

91-31 , 

> 91-00 

90*68 

90-38 

98 

94*21 

93*87 

93*55 

93-23 • 

92*90 

92*58 

92-25 

91*94 

91*62 

91-31 

, «9 

•9§*17 

94*83, 

94-50* 

94 'TS 

93*85 

93-52 

93-19 

92*88 

92*55 

92-24 

1(^ 

9^13 

95*79 ' 

9ir46 

95-13 

94*80 

94-17 

94-14 

93*82 

93-49 

93-18 



ji 

-«-j 




^ 


* 

-♦ 




670 , APPEiCDIX 


Table for ;;educin^^the Volume of a Gas to o° C.—Coniinied. 



0“ 

1 21 “ 

22 “ 

L 23 “ , 

1“ 

1 24 “ 

26 “ 

1 26 “ 

27 “ 

I 28 “ ' 

29 “ 


1 

0O2\f 

0-926 

0-922 

0‘919 

0-916 

0-913 

O/fJlO 

b-907 

0-904 


2 

1-857 

1-851 

1*845 

1-839 

1-832 

1-826 

1-820 

1-814 

1-808' 


3 

2-786 

' 2-777 

1^-767 

2-758 

2-749 

2-739 

* 2-730 

2-721 

2-712 


4 

3‘7U 

3-702 

3 ‘A 90 

3-677 

•m3 -665 

3-652 

3-640 

3-628 

3-616, 


* 5 

4-643 

4-6fS 

4-6^4^ 

4 - 5(77 

4-5.11 

4-566^ 

4-551 

„ 4-535 

,4-520 


6 

5-572 

5- 553 

6- 479 

5.5345 

oij*516 

5-497 

5-4;i 

5-461 

5-442 

5-424 


7 

6 -500 

6 •‘157, 

6-435 

6-41,3 

6-392 

6-371 

6 -.34 9 

6-328 


' 8 

7-429 

7*404 

7-379- 

7-354 

7 -330 

7-305 

7-281 

7-256 

7-2;i2 


9 

8-357 

8-330 

8-302 

8-274 

8-246 

1-218 

8-'t91 

8-163 

S’lm 


10 

9-286 

9-255 

9-221, 

9-193 

9-162 

9-131 

9-101 

9-070 

9-040 

4 


11 

10-21 

1C.-18 

10-15 

lO-'il 

10-07 

10-04 

10-01 

9-98 

9-94 


t2 

11-14 

11-11 

11-07 

v:i-03 

„10-99 

10-96 

'10-92 

10-88 

10^35 


13 

12-07 

12-03 

11-99 

11-95 

11-91 

11*87 

11-83 

11-79 « 

lf'‘75 


14 

13-00 

12*96 

12-91 

12-87 

12 M3 

12 -18 

' 12-74 

12-70 

12 'W' 


15 

13-93 

13-88 

13-81 

13-79 

13-74, 

13-70 

13 ‘65 

13-6V; 

13-56 


16 

14-86 

^1^*81 

14-76 

14-71 

14-6/;' 

14-61 

14-5a‘: 

14-51 

14-46 


17 

15-79 

15-73 

15-68 

15-63 

15-5.S 

15-52 

15-47 

15-42 

15-37 


18 

16-71 

16-66 

16-60 

16:55 

16-49 

16-44 

16-38 

16-33 



19 

17-64 

17-58 

17-53 

17-17 

17-41 

17-35 

17-29 

lfl‘23 

17-18 


20 

18-57 

18-51 

18-45 

18-39 

18-32 

18-26 

18-20 

18-14 

18-08 


21 

19-50 

19-43 

19-:i7 

19-31 

19-21 

19-17 

19-11 

19-05 

18-98 


22 

20-13 

20-36 

20-29 

20-23 

20-15 

20 '09 

20-02 

1 9 -95 

19-89 


23 

21 -36 

21-29' 

21-21 

21-15 

21 -07 

21-00 

20-93 

20-86 

20-79 


24 

22-28 

22-21 

22-14 

22-07 

21-99 

21 -91 

21 -84 

. 21-77 

21-70 


25 

23-21 

23-14 

23-06 

22-99 

22-90 

22-83 

22-7.'?/ 

22-68 

22-60 


26 

24-14 

24-06 

1 23-98 

23-91 

■ 23-82 

23-74 . 

23-66 

23-58 

23-50 


27 

25-07 

24-99 

21-90 

24-83 

24-73 1 

24-65 

21-57 

24-49 

24-41 


28 

26-00 

25-91 

25-82 

25-74 

25 ‘65 

'25-57 

25-48 

25-40 

25-31 j 


29 

26-93 

^ 26-84 

26-75 

26-67 

26-57 

26-48 

26-39 

26-30 

26-22 I 


30 

27-80 

27-77 

27-67*r 

27-58 

27-49 

27-39 

27-30 

27-21 

27-12 1 


31 

28-79 

28-70 

28-59 

28-50 

28-41 

28-30 

28-21 

28-12 

' 28-02 


32 

29-72 

29-62 

29*51 

29*42 

29 ‘32 

29-22 

29-12 

29-02 

28-93 


33 

30-65 

30-55 

30-44 

30-34 

30-24 

30-13 

30-03 

29-93 

29-83 


34 

31-57 

31-47 

31-36 

31.-26 

31-16 

31 -04 

30-94 

30-84 

30-74 


35 

32-50 

32*40 

32-28 

32-18 

32-07 

31 -96 

, 31-85 

31-75 

31-64 


36 

33*43 

33-32 

33-20 

33-10 

32-99 

32-87 

32-76 

32*65 

.32-54 


37 

34-36 

34-25 

34-12 

34-02 

3,3-90 

33-78 

V3-67'- 

33-56 

.33-45 



85 ‘29 

35-17 

35 '05 

31-93 

34-82 

34-70 

34-5’8'» 

34-47 

34-35 


39 

36-22 

36-10 

35-97 

35-85 

35-74 

35-61 

35-49 

35-37 

35-26 


40 

37-14 

37-02 

36-90 

36-77 

36-65 

36-52 

.36-40 

• 

36-28 

36-16 


41 

^8-07 

37-95 

37-82 

37-69 

37-57 

37-43 

.37-31 

37-19 

37-06 


42 

39-00 

38-87 

38-74 

38-61 

38-48 

38-35 

38-22 

38-09 

37-97 


43 

39-93 

39-80 

♦.39-66 

39-53 

39*40 

39-26 

39- 13 

40- 04 

39-00 

38-87 


44 

40-^5 

40-72 » 

40-59 

40-45 * 

40-32 

40-17 c 

39-91 

39-78 


45 

41-78 

41-65 

4‘i-51 

4t-37 

41-23 

41-09 

40-95 

40-82 

40-68 


46 

' 42-71 

42-57 

42*43 

42-29 

42*15 

42-00 

41-86 

41-72 

^41-6« 


47 

43-64 

43*t>0 

43-35 

43*21 

43-06 

42-91 

42-77 

42-63 

42-49 


48 

44*57 

44-42 

44-27 

^4-12 

43-98 

43-83 

43-68 

43-54 

43-39 


49 

50 

45- 50 

46- 43 

45- 35 

46- 28 

45*19 

46-12 

45-04 

45-97 

44*89 

45*81 

44*7? 

45-66 

44-^59 
^ 45'51 

44- 44 « 

45- 35 

•44*3» L 
45-1^0 ^ 

_ 




r 
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Table for reducing the Volufne of a Gafe jto o" C^Coniinued. 

• • • ^ 


0“ 


22“ ■ 

28“ 

24“ 

26“ 

^6“ 

• 

27“ 

• 1 

28“ 

2l)“ 

61 

47-36* 

• 

47*2^ 

47*04 

46*89 

46’72> 

46*57 

46*42 

4(f2S 

46*10 

^ 52 

48*29 

48*>3 

47*96 

,47*81 

47*64 

»47*49 

iM7*33 

47*16 

47*01 

53 

49*22 

49*06 

48*89 

48*73 

48*56 

48*401" 

48*24 

->48*07 

47*91 

64 

50*14 

49*98 

^9*81 

49*65 •, 

• 49^8 


49»15 

4fs*98 

48*82 

• 55 

• 

51*07 

^50*91 

1^*73 

50 *17 « 

50^9 

5^*23 

50*96 

49*89 

49*72^ 

55 

52*00 

51*83 

®:65 

51*49 

51*31 ' 

, 5V14.. 

SO-97 

50*79 

50*62* 

57 

52*93 

52*76 • 

A’SS 

^2*/l 

52*22 

52*05 

51*88 

51*70 

51*53 

58 

53*86 

53^68 

53*50 

53*3*4 

53*14 

5 V 97 

52*79 

52*61 

52 -IS* 

^1) 

54*79 

54*6^ 

54*42 1 

54**24 

54*06 

53*88 

53*70 

53*51 

53*34 

50 

55*72 

55*53 

55*34 

55*16 

54*97 

^■70 

54*61 

54*42 

54*24 

51 

56*65 

56*46 

56*26 

56*08 

*55*8S/» 

55*70 

55*52 a 

55*33 

55*14 

6^ 

57*58 

57*38 

i 57*19 

57*00 

^56*80 

56*62 

56*13 

56*23 

56 -o;? 

63 » 

^*51 

58*31 

58*11 

67*92 

■*57-72 

57*53 

57*34 

57*14 

56*95 


69*42 

59*23 

*517*0a 

58*8‘> 

58*64 

58*44 

58*25 

58*05 

57*86 

65 


60*16 

59*95 

59*76 

59*55 

59*36 

59*16 

58*96 

58*76 

^66 

61*29 


60*87 

60*63 

60*47 

60*27 

60*07 ■ 

>59*86 

59*66 

67 

62*22 

^2*^ 

61*79 

61*60 

61*38 

61*18 

60*9!^ 

60*77 

60*57 

68 

63*15 

62*93 

62*72 

«2*51 

62*30, 

62*10 

61*89 

61 *68 

61*47 

6^ 

64-08S, 

63*86 

63*64 

63*43 

63*22 

63*01 

62*80 

62*58 

62*38 

70 

65*00 

64*79 

64*57 

64*35 

64*13 

63*92 

63*71 

63*49 

63*28 

71 

65*93 

<5*71 

65*49 

65*27 

65 *00 

64*85 

64*62 

61*40 

64*18 

72 

66*86 

66*64 

66'42j 

66*19 

65 *96 

65*75 

65*53 

65*30 

65*09 

73 

67*79 

67*57 

67*34 

67*11 

66*88 

66*66 

66 Ml 

6(i *21 

65*99 

74 

68*81 

(58*49 

68 *26 

68*03 

67*80 

67*57 

67*35 

67*12 

66*90 

75 

69*64 

69*42 

69*18 

68*95 

68*71 

68*49 

68 *26 

68*03 

67*80 

76 

70*57 

70*34 

70*10 

69*87 

69*63 

69*40 

69*17 

68*93 

68*70 

77 

71*50 ' 

71*27 

7f03 

70*79 

70*54 

70*31 

70*08 

69*84 

69*61 

78 

72*43 

72*19 

71*95 

•71*70 

71 -IG 

71*22 

70*99 

70*75 

VO *51 

79 

73*36 

73*12 

72*87 

72*62 

72*38 

72*14 

71*90 

71-65 

71*42 

80 

74*29 

74*04 

73*79 

73*51 

73*30 

73^5 

72*81 

72-56 

72*32 

81 

♦5*22 

74*97 

74*71 

74*46 

74 *22 

73*96 

73*72 

73*47 

73*22 

82 

7 6 *1 5 

75*89 

75*63 

75*38 

75*13 

74*88 

74*63 

74*37 

74*13 

83 1 

77*08 

76*82 

76*56 

76*30 

76*05 

75*79 

75-54 

75*28 

75*03 

84 ! 

78*00 

77*74 

77*48 

77*22 

76*96 

76*70 

76*45 

76*19 

75*94 

85 

78*93 

78*67 

78*40 

• 

78*14 

77*88 • 

77*62 

77*36 

77*10 

70*84 

86 

79*86*‘ 

79*59 

79 

79*06 

78*80 ’ 

78*53 

78*27 

78*00 

77*74 

87 

80*79 

80*ilf 

•#80*25 

79*98 

, 79*71 

79*44 : 

79*18 

78*91 

78*65 

88 

81*72 

81^4 

81*17 

80*90 

80*63 

80*36 ’ 

80*09 

79*82 

.79*55 

89 

82*65 

82*37 

82*09 

81*82 

81*55 

81*27 1 

81*00 

80-72 

80*46 

90 

83*57 

83*30 

83*02 

82*74 

82*46 

82*18 i 

81*91 

• 

81*63 

81*36 

91 

84*50 

84*22 

83*91* 

83*66 

83*38 

83*09 

82*82 

82*54 

,82*26 

92 

85*43 

85*15 

84*86 

84*58 

84*29 

84*01 

83*73 

83*41 

83*17 

93 

86*36 

86*08 

85*79 

85*50 

85 *21 

. 8#92 

14*64 

81*35 

84*07 

94 

87*28 

, 87*0« 

86*71 

86*42 

8ii*13 

85*83 

8ii*55 

85*26* 

84*98 

95 

88*iy 

87*93 

87*63 

87*34 

87*04 

86*75 

• 86*46 • 

86*17* 

85*88 

96 

89*14 

88*85 

88*55 

88*26 

87*96 

87*66 

87*37 

87*07* 

8*6*78 

. 97 

^0*07 

89*78 

89*48 

89*18 

88*87 

88*57 

88^8 

87*98 

87*69 

98 

91*00 

90*70 

90*40 

90*00 

89*79 

^89*48 

89*9 

88*89 

88*59 

n 

,9i*93 

91*63 

91*3f 

9f*01 

90*71 

90*40 

90*10 

89*79 

89*50 

4 1^100* 

91^86 

92*55*. 

1^2 *24 

91*93 

91*62 

91*31 

91*01 

90*70 

90*40 

— 


“ ■# ^ 
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! TABlV. III. 

j* V ^ ^ 

Table for reducing the Volumero/ a Gas to 760 mm. Pressure. 

For temperatures between o® and 12'’, deduct i mm. from the barometer pressure ; 
bet\V3en ij and 15°, 7 mm. ; between 20° and 25°, 3 mm. 


760 

Q ' 

710 

1 712 

.714 

V6 

718 

7-20 

,722 

^,.724 , 

726 

728 ^ 

1 

0-934' 

0*937' 

’ < o.-oliy* 

0-942 

;o-^> 

0-947 

0-9f)0 

0-953 

0-955 

0-95^ 

" 2 

1-868 

1-874'd 

1-879 

n-884 


f 1 -895 

*1/00 

l-90f 

1-911 

^ 1-916 

3 

2-803 

2*810 

2-818 

<2*8^6 

2-834 

2-842 

^/l50 

2-858 

'2-866 

2-874 

4 

3-738 

3-747 

'3-758 

•,3-768 

3-779 

3-789 

t3(B00 

, 3-810 

3-821 

3-832 

, 5 

4-672 

4-685 

4-697 

^..4*711 

4-724 

o4-r36 

4-750 

4;763 

4-777 

4-790 

6 

5-607 

5-621 

5-637 

5-653 

5-669 

5 -68 If 

5-700 

,'5-716 

5-732 


7 

6-540 

6*558 

6-577 

,6-595 

6-614 

6*631 

6-650 

6-668 

6-687 

6-705 

8 

7-474 

‘ 7-493 

i 7-516 

7*537 

7*558 

7-578 

7-600 

7-621 

7-642 

7-t.'3 

9 

8-409 

8-1*31, 

‘ 8-456 

8*47^ 

8-503 

8-524) 

8*550 

8-573 

8-598 

8-621 f 

to 

9-34 

9-37 

9-40 

9Cti 

9^5 

9*47 

9-50<' 

9-53 

9-55 j 

t^58 

11 

10-28 

10-31 

10-34 1 

10-36 

10-39 .) 

10*42 

f.10-4^ 

10-48 

10-51* I 

1^4 

12 

11-21 

11-24 

11-27 

11-30 

11-34 

11 -.37 

11-40 

11-43 

1136 

iiTo 

13 

12-14 

12-18 

12-21 

12-24 

12-28 

i2-31 

12-35 

12-38 


12*45 

14 

13*08 

1C‘:2 

13*16 

13*19 

13-23 

13*26 

1.3-30 

1^34 

13-37 

13*4^ 

15 

14-02 

14-06, 

14*10 

14-13 

14-17 

•'14-21 

14-25 

if -2? 

14-33 

14-37 

16 

14-95 

14-99 

15-03 

15-07® 

15-11 

15-15 

15-20 

15 -‘24 

.,15-28 

15r-33 

17 

15-88 

15*93 

15-98 

16-02 

16-06 

16-10 

16-15 

16-19 

^'16-23 

16-28 

18 

16-82 

16-87 

?6-9-2 

16-96 

17-01 

17-05 

17-10 

1,7-15 

17-19 

17-24 

19 

17-76 

17-81 

17-86* 

17-90 

17-95 

18-00 

18-05 

18 -le 

18-15 

18-21 

20 

18-68 

18-74 

18-79 

18*84 

18-90 

18-95 1 

, 10-00 

19-05 

19-n 

19-16 

21 

19-62 

10-68 ‘ 

19-73 

19-78 

19*84 

19-90 

19-05 

‘20-00 

20-06 

20-12 

22 

20-55 

20-61 

20-67 

20-72 

20-78 

20-81 

20-90 

‘20-96 

21-01 

21-07 

23 

21-49 

21 -.55 

21-61 

21 -66 

21-73 

21 -79 

21-85 

2{ -91 

21 -97 

22-03 

24 

22-43 

22-49 

22-55 

22-61 

-22 68 

22-74 

22-80 ' 

22-86 

22-92 

22-99 

25 

23-35 

23-42 

23-49 

23-55 

23-62 

23-69 

to 

23-81 

23-88 

23-95 

26 

24-29 

24*36 

24-43 

24-50 

24-57 

24-6^4 

24-70 

24-77 

24-83 

24-90 

27 

25-23 

25-30 

25-37 

25*44 

25-51 

‘25-58 

25-65 

25-72 

25-79 

25-86 

28 

26-16 

26-23 

26-30 ^ 

26-37 

26-45 

‘26-53 

‘26-60 

26-67 

26-74 

26-82 

29 

27-10 

27*17 

27-24 

27-31 

27-40 

‘27-48 

27-55 

27-62 

27-70 

26-78 

30 

28-03 

28*10 

28-18 

28*26 

28-34 

28-42 

‘28-50 

28-58 

28 -Of) 

28-74 

31 

28-97 

29*04 

29-12 

29-20 

29-29 

29-37 

29-45 

29-53 

29*62 

29-70 

32 

29-90 

29-98 

30-06 

30-14 

30-23 

.30-32 

30-40 

30-48 

30-57 

80-66 

33 

30-83 

30-91 

31-00 

31 -0^ 

31-17 

31-26 

31 -35 

31 -43 

31-52 

31-61 

34 

31 -77 

31-85 

31-94 

32-03 

32-12 

32-21 

32-^0 

32-39 

32-48 

32-57 

35 

32*71 

32-79 

32*88 

32*97 

33*07 

33-16 

.33-2^ 

,,33-34 

•33-44 

33-53 


33-64 

33-73 

33-82 

33-91 

34*0i 

34-10 

34 -2^ 

. 3 V 29 

,34-39 

34-49 

'37 

34*57 

34-66 

34-76 

34-86 

34-96 

35-05 

35-15 

.35-25 

.35-35 

35-45 

38 

35-50 

35-60 

35-70 

35*80 

35-90 

36-00 

36-10 

36 -‘20 

,36-,30 

36-40 

39 1 

36-44 

36-54 

56-64 

36 -t: 

36-85 

36-95 , 

,37-05 » 

37-15 

37 -‘26 

37-37 

40 

,37-38 

37-48 

37-58 

37-68 

37-79 

37-89 

38-00 

3S-10 

38-21 

38-32 

41 

38-31 

38-41 

38*52 

w38-62 

38-74 

38-84 

38-95 

.39-05 

39-17 

39-28 

42 

39 -S3 

39-35 

J.’9-46 

39-57 

39-69 

39-79 

39-90 

^0-01 

40-12 

40-23 

43 

40 -.1.8 

40-29 

‘ 40,-40 

40-51 

to -62 

40-73 

4(f85 

40-96 

41-08 

41-19 

44 

41-11 

41-22 

41 -34 

, 41-44 

41*56 

41-68 

41-80 

41-91 

42*03 

42-16 

45 ' 

[ 42 •()5 

42-16 

42-28 

42-39 

42*52 

42-63 

42-75 

42-87 

42*99 

43*11 

46 

42-98 

43-10 4 

43-22 

43 *34 

! 43-46 

43 -.58 

43-70 

43-82 

4 3 •94'' 

44*06 r 

47 

43-91 

44-03 

44-15 

44*27 

44*40 ' 

4^-52 

,44-65 

44-77 

44-90 

45-03 

48 

44-84 

44-96 

45-09 

45*22 

45*55 

45*47 

45-60 

r 45-72 

45 -f6* 

4:^-9^ 

49 

45-78 

45-91 

46-04 

46-17 

46*30 

46*42 

46^55 ' 

46-67 

46-80 

l6-94^ 

i 50 

1 

46-73^ 

46-85 

t 

46-97 

• 

47-11 ^ 

47*24 

47-36 

47 -Sp 

47-61^ 

47-77 

47*90 
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TaWe for reducing^ the Volumfe of a Gas 49 760 Continued. 


760 

no 

71‘2 

714 ^ 

716 

718* 

720 , 

• • 

722 

• 

724 

4 

720 

728 

61 

47-65 

• 

•47-79 « 

47-92 

48-05 

48-18 

46-31 

48-45 

48-59 

t8>73 

48-86 

v 62 

48-58 

48-72* 

48-85* 

48-99 

49-13 

49-2# 

49 -4(^ 

oo/fo 

5tf-30 

49-54 

49-68 

49-82 

63 

49-52 

49-66 

49-79 

49-93 

50-07 

60-21 

50-48* 

50 •64* 

50-78 

64-' 

50-45 

50-59 

50»r3 

50-87 

5\5i)l 

• 51-15 

#1-44 

.51-59 

51-73 

• 55 

51*38 

5^-53 

51 -d7 ‘ 

51-82 

51f"96 

•62-10 

52-25 * 

{*2-39 

52-54 

52 -6» 

56 

52-32* 

52-47 

52-d5v 

52*76 

52-91 

6^f-n^ 

53if20 « 

'h3-3r) 

53-50 

53 -es 

57 

53-25 

53-41 

53 -5\* 

53 -7J) ^ 

53-85 

64 -(To J 

64-15 

*54-30 

54-45 

54-60 

58 

54-19 

54-34 

54-49 

54-64 

/)4-79 

64-94 T 

55-10 

55 ‘25 

55-41 

55 -5tJ 

69 

55-13 

55-28 

55-43 


55-74 

65-89 

56-05 

50-21 

56-37 

56-52 

60 

56-07 

56-22 

56-37 

56 53 

56-69 

• • 

66-84^ 

57-00 

57-16 

.57-32 

57-47 

61 

57-00 

57-15 

57-31 

54-47 

57-63 

l*7-79 

57-95 

58 -ki 

58-27 

58-43 

6!4 

57-93 

58-09 

-25 

58-41 

58-58 

08 

58-90 

"9-06 

59-23 

59-S9 

63 

► ^-87 

59-03 

59-19 

59-35 

59 -"2 

59-68 

59-85 

150-80 

60-01 

60-18 

60-35 


59-80 

59-96 

60*1 3P 

• 60-30 

4)0-l7 

60-63 

60-97 

61-14 

61-30 

65 

0 

CO 

60-90 

61-07 

61-24 

61-41 

61-68 

61 -75 

01-92 

62-09 

62-26 

•66 

61-67 


62-01 

62-18 « 

62-35 

62-52 

62-70 

62 -Sf# 

63-05 

63-22 

67 

62-60 

6247 V ♦ 

62-95 

63-12 

63-30 

63-47 

63-65 

63;82 

64-00 

64-18 

68 

63-54 

63-71 

63-89 

64-06 

64-24 

64-42 

64-60 

04-78 

61-96 

65-13 

6t 

64-47 

1^64-65 

64-83 

65-01 

65-19 

65-37 

65-55 

05-73 

65-91 

66-09 

70 

65-40 

65-58 

65-77 

65-95 

66-14 

66-32 

66-50 

66-68 

66-87 

67-05 

71 

66-34 

60i52 

66-71 

66-89 

67-08 

-67-26 

67-45 

67-63 

67 -82 

68-01 

72 

67-27 

67-46 

67-65* 

*67-83 

68-02 

68-21 

68-40 

68-59 

68-78 

68-97 

73 

68-20 

68-39 

68-58 

68-77 

68-97 

69-16 

69-35 

^9-54 

69-73 

69-92 

74 

69-14 

69-33 

69-53 

69-72 

69-92 

70-n 

70-30 

70-49 

70-69 

70-88 

75 

70-07 

7a-27* 

70-47 

70-66 

70-86 

71-05 

71-25 

71-14 

71-61 

71-84 

76 

71-01 

71-21 

7*1-41 

71-60 

71-80 

72-00 * 

72-20 

72-40 

72-60 

72-80 

77 

71-94 

72-14 

72-3# 

72-54 

72-75 

72 95 

73-15 

73-35 

73-55 

73-75 

78 

72-87 

73-07 1 

73-28 

73 

73-69 

73-89 

74-10 

74-30 

74-51 

74-71 

79 

73-80 

74-01 1 

74-22 

74-42 

7^-63 

74-84 

75-05 

75-25 

75-46 

75-67 

80 

74-74 

74-94 

75-16 

75-37 

75-58 

75-78 

0 

0 

cb 

76-21 

76-42 

76-63 

81 

7#-67 

75-88 

76-10 

76-31 

76-53 

76-74 

76-95 

77-16 

77-37 

77-58 

82 

76-60 

76-82 

77-04 

77-25 

77-47 

77-68 

77-90 

78-11 

78-33 

78-54 

S3 

77-54 

77-76 

77-98 

78-19 

78-41 

78-63 

7 8 -85 

79-07 

79-28 

79-50 

81 

78-47 

78-69 

78-91 

79-13 

79-35 

79-57 

79-80 

80-02 

80-24 

80-46 

85 

79-41 

79-63 

79-86 

• 

80-08 

80-31 

8(T-53 

80-75 

80-97 

81-19 

81-41 

86 

80-34 

•80-57 

80-80 ' 

81 -02 

81-25 

81-47 

81 -70 

81-92 

82-15 

82-37 

87 

81 -28 

81-50, 

’ 8^ 74 

81 -96 

82-19 

82-42 

82-65 

82-87 

83-10 

83-33 

88 

82-21 

82-4-4 - 

. 82-68 

82-90 

83^13 

83-36 

83-60 

83-83 

84-06 . 

84- ^ 

85- “ 

89 

83-15 

83-38 

83-62 

83-85 

84-08 

84-31 

84-55 

84-78 

85-02 

90 

84-09 

84-31 

84-56 

• 

84-79 

85-03 

85-26 

•• 

85-50 

85-73 

85-98 

86-21 

(•) 

91 

85-02 

85-25 

85-50 

85-73 

85-98 

86-21 

86-45 

86-69 

86-93 

' 87-17 

92 

85-95 

86-19 

86-44 

86 68 

86-92 

87-16 

87-40 

87-64 

87-89 

88-13 

93 

86-89 

87-12 

87-38 

87-62 

87-87 

88-11 

• 88-35 . 

88-59 

88-81 

89-08 

94 

87-82 

88-06 • 

88-82 

88-56 

88-81. 

89-05 

89-30 

• 89-54 

89-liO 

90-04 

95 

88-76, 

89-01 

89-26 

89-50 

89-75 

90-00 

90-2# 

90-50 

90-75 

91-00 

9/ 

89-69 

89-94 

90-20 

90-45 

90-70 

90-95 

91-20 

91-45 

91*70 

*91-95 

Ofl-62 

90-87 

91 •] 3 

91 -38 

91-64 

'91-89 

92-15 

.92-40 

1)3-35 

92-66 

92-91 

' 98 

91-56 

91-82 

92-07 

92-33 

.92-59 

92-^ 

93-10 

93-62 

93-87 

98 

^^9 

92-75 

93-01 

*93-2^ 

93-53 

93-/^ 

94-05 

94-31 

94-57 

94-83 

.«P100« 

. 93-42 

93-68 

•i03-a5 

94-21 

94-47 

94-74 

95-00 

95-26 

95-53 



95-79 
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Table for reducing ttie Volume of a Gas to, 760 mm.^Con^ued. 


760 

780 

782 

784 

. 78G 

- f 

V38 

740 

742 

744 

740 

748 

1 

0-9bl 

0*963 

0*966 

0*96 ST 

0*971 

0*974 

0*976 

^0*970 

0*982 

0*984 

2 

1*921 

. 1*926 

•i>Q3*2 

1 937 

1*912 

1*947 

“*953 

x-958 

1-963 

1*96"' 

3 

2*882 

‘'^*889 

2fe 

2*905 

2*913 

2*921 

2*929 

2*937 

2-945 

2*953 

4 

3*812 

3*852 

c.3.*86\< 

3*874 

3*8f!>i 

3*895 

3 *905 

3*916 

3-9*26 

3*93^ 

5 

4*803 

4*816r 

4*830 

M*842 

4*8^5 

.;4*86S 

4*«82 

4*89,5, 

4*908 

^4*921 

' 6 

5*763 

5*779 

-5*75J 


5*826 

5*842 

/(i 

5*874 

5*890 

5*905 

7 

6*724 

6*742 

6*762 

,6*779 

6*797 

.6*^16 

C*5?34 

6*853 

6*871 

6-889 

'‘8 

7*684 

7*705 

7*728 

"7*747 

7*768 

• 7*790 

7*810 

7 '832 

7-853 

7-874 

9 

8*615 

8*668 

8*693 

8*716 

8*739 

8*763 

8*787 

i8*8U 

8-834 

8 -8^)8 

10 

9*61 

9-63 

9*66 

,‘^*68 

9*71 

9*71 

9*76 

9*79 

9*82 

9-84 

11 

10*57 

10 - 59 ' 

10*62 

10*65 

10*68 

10*71> 

10*74 

10*77 

10-80 

10-82 

}2 

11*53 

11*56 

11*59 

11\J 

ii*r5 

11*68 

n*7i' 

11*75 

11*78 

ir-8i 

13 

12*49 

12-52 

12*55 

12*59 

12*62 

12*66 

12*69 

12*73 

12*761 

'.2-79 

14 

13*45 

13*48 

13*52 

13*56 

13*59 

13*63 

113*66 

13*70 

13-74 

137C3 

16 

14-41 

14*44 

14*48 

14*52 

14*56 

11*60 

14*64 

14*69 


14*77 

16 

15*37 


15*45 

15*49 

15*53 

r5*58 

15*62 

159 .'? 

15*71 

15*75' 

17 

16*33 

16*37, 

16*41 

16*46 

16*50 

16*55 

16*60 

16 6.1 

16*69 

16-73 

18 

17*29 

17*33 

17*38 

17*13 

17*47 

I7*i»2 

17*57 

17-62 

17*07 

17*72 

19 

18*25 

18*29 

18*36 

18*40 

18*45 

18*50 

18*55 

18-60 

^>18*65 

18'70 

20 

19*21 

19*26 

19*32 

V 

19*37 

19*12 

19*47 

19*53 

19-58 

19-63 

19*68 

21 

20*17 

•20*22 

20*28 ** 

20*31 

'20*39 

20*14 

20*50 

20*54 

20-61 

20*66 

22 

21 *13 

21*19 

21 *25 

21 *31 

21 *36 

21 *42 

^21*48 

21*54 

21-59 

21 *65 

23 

22-09 

22-15 

'22*21 

22*27 

22*33 

22 *.‘59 

22*45 

22*51 

22 -57 

22*61 

24 

23-05 

23*11 

23*18 

23*24 

23*30 

23*36 

23*13 

23*50 

23-56 

*23*63 

25 

24*01 

24*07 

24*14 

24*21 

21*27 

24*34 

24*41 

21 48 

24-54 

24*61 

26 

24*97 

25*04 

25*11 

25*18 

25 24 

25*31 

25*38 

25*45 

25*52 

25 *59 

27 

25*93 

26-00 

26 07 

26*14 

26*21 

26*28 

26*36 

26*43 

26*50 

26*58 

28 

26-89 

26*96 

27*01 

27*12 

27*18 

27*‘J6 

27*33 

27*41 

27*48 

27*56 

29 

27-85 

1 27*92 

28*00 

28*08 

28*15 

28 *‘23 

28*31 

28*39 

28*47 

28*55 

30 

28*82 

i 28*89 

28*97 

29*05 

29*13 

29*21 

29*29 

29*37 

29*45 

29*53 

31 

29-78 

29*86 

29*94 

30*02 

30*10 

30*18 

30*26 

80*35 

30*43" 

30*51 

32 

30*74 

30*82 

30*91 

30*99 

31*07 

31*15 

31*21 

31*33 

31*41 

31*50 

33 

31*71 

31*78 

31 *87 

31*96 

32*04 

32*13 

32*21 

32-30 

32*39 

32*48 

34 

32-66 

32*75 

32*84 

32*93^ 

33*01 

33*10 

33*19 

33-28 

33*37 

33*46 

35 

33-62 

33*71 

33*80 

33*89 

33*38 

34*07 

34*17 

34-27 

34*36 

34*45 

36 

34*58 

34*67 

34*77 

34*86 

34*95 

35*05 

35*15 

,35-25 

l5*34 

35*43 

37 

35-54 

35-63 

35*73 

35*83 

35*92 

36*02 

36*1‘£'* 

3C-22 

36*32 

36*42 

,38 

36-50 

36-60 

36*70 

36*80 

36*90 

37*00 

37*10 

37 20 

37*30 

37*40 

39 

37*47 

37*57 

37*67 

37*77 

37*87 

37*97 

38*07 

38 -IS 

38*28 

38*39 

40 

38*42 

38*52 

38*64 

38*74^ 

38*84 

38*95 

39*05 

39-16 

39-26 

39-37 

41 

€9-38 

39*48 

39*60 

39*71 

39*81 

39*92 

40*02 

40-14 

40*24 

40-36 

42 

40-34 

40*44 

40*56 

40*68 

40*78 

40*89 

41*00 

41-12 

41*22 

41*34 

43 

41*30 

41*46 

41*53 

*41*64 

41*75 

41 *86 

41*97 

42-10 

42*20 

42*32 

44 

42*2*7 

, 42*38 

M2 *50 

42*62 

42*73 

42*84 

42, *95 

03-07 

43*18 

43*30 

45 

43*22 

, 43*34 

43'46 

43*58 

43*69 

43*81 

43*93 

44*06 


44*29 

46 

*44*18 

44*30 

44*42 

44*54 

44*66 

44*78 

44*90 

45*03 

45*15, 

45, *27 

47 

45*15 

45*26 

45*39 

45*52 

45*64 

45*76 

45*88 

46*01 

46*13 ' 

46*28 

48 

46*10 

46*23 

'46*36 

46*''9 

46*61 

M6*73 

40*85 

46*99 

47*12 

47*24 

49 

47*06 

47*19 

47*32 

47*44 

47*57 

47*70 

'47*83 

,47*97 

48*1«3 ' 

48*23 

50 

48*03 

— c. 

48*18 

48*30 

48*42 

48*55 

48*68 

48*C2 

48*95 

u_ 

49 '(JS 

49*21 
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* TabR'for reducing, the Volume, of a Gas fo’joo mih.—Coniinued. 


7G0 

780 

782 

78i 

730 

738 

>• 

* 742 c 

744 ^ 

74() 

748 

51 

48-99 

?9-12 

*49-26 

49-39 

49-52 

4^-65^ 

49-79 - 

49-93 

50 -$6 

50-19 

S52 

49-96 

50-08 

50-22 

50 -3g 

50-49 

50-63* 

50*7^ 

50-91 

.•3.1-01 

51-18 

> 53 

50-91 

51-05 

51-1^ 

51-33 

5l;46 

51-60 

51jC 

51 -89 

52-02 

52-16 


51-87 

52-01 
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92-97 

93-22 

93 

91-77 

92-02 

• 92*26 

92-51 

92-76 . 

93-24 

93-49 

*,93-74 

93 -»8 

94-23 

94 

92-76 

9 S-OI 

93 •26* 

93-50 

93-75 

' 94-24 

94 *44 

94 ->4 

94-99 

95-24 

95 

93-74 * 

94-00 

94*25 

91*50 

94-75 

95-25 

.95-50 

95*75 

. 96-^10 

96-26 

1 • 

96* 

94^3 

94-98 

95-24 

9# * 49 ' 

95-75 

96-25 

96-51 

96-76 

97-01 

97*27 

i 97 

95-72 

95-97 

96*23 

96*49 

56*75 

97-25 

97-51 


98-02 

98*29 

98, 

9&-7i) 

• 97-69 

96-96 

97*22 

4)7 *48 • 

97-74 

98 -‘28 

98-52 

98-77 

99-03 

99*30 

4^99 

97-95 

^•‘21 

98*48 

98-74 

99-26 

99-52 

99-78 

100-04 

100*31 

100 

98-68 

98-95 

• 

99*21*^ 

• • 

^ 99*47 

99*74 

100*26 

• 

100-53 

• 

100*79 

L. 

101-05, 

% • 

101*32 
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t 


"C. 

mm. 

f 

mm. 

' ’0. 


mm. ^ 

f 

- 20 

0-96 

24 

•1 1' 

«22-3 

0 

00 


i 'i 

^^.)5'9 

- 10 

2-10 

25 ' 

23-7 

68 


' 214-0 

- 5 •' 

3-17 

20 

/25-1 



233 '5 

- 2 

, 3-90 

27 

20-7 

72 

4 

254-5 

- 1 

4 -215 

28 

28'-3 

74 


277-1 , 

0 

4‘r.8 

29 

29-9 

70 


r'- 301-3 

+ 1 

4-92 

30 

31-7 

78 


327-2 

2 

5 '29 

31 

33-0 

SO 


355-1 

n 

0 ‘08 

32f 

35-5 

82 


384-9 

4 

0-09 

33 

37-0 ■ 

84 


410-7 

5 

b‘54 

34 

39-8 

80 


450-8 

0 

7 ‘01 

35 

42-0 

88 

0 

487-1 

7 

7'r)l 

30 

44-1 

90f> 


525-8 

8 

8-01 

37 

40-9 

' 02 


567-1 

0 

8-60 

38 

49-5 

94 


011-0 

10 

9-21 

39 

52-3 

‘ 96 


057-7 

11 

9 -81 

10 

55^1 

98 


707-3 

12 

lO-:)! 

42 

01 -3 

100 


700-0 

13 

11-23 

41 

08-0 

102 


815-9 

14 ; 

1 1 -98 

40 

75-1 

104 


875-1 

If) 

12-78 

48 

83-5 

100 


9:i/-9 

10 

13-03 

50 

92-3 

108 


1004-0 

17 

14-52 

52 

101-9 

110 


1075-0 

18 

15-40 

51 

112-3 

112 


1149-0 

19 

16-40 

50 

123-0 

, 114 


1227-0 

20 

17-5 

58 

1.35-9 

110 


, 1310-0 

21 

18-0 

00 

149-2 

118 


1397-0 

22 

19-8 

02 

. 103-0 

'■ 120' 


1489-0 

' 23 

21-0 

04 

179-1 
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« 

TA«LE V. 


^International Atomic Weights (1921> 


T 

Aluminium 
Antimony . 

• vHiight. 

Atomic 

•Hymbol. 

* i ^ 

MolyMenuijt 


• 

-weiglit 

Atomic 

Symbol. 

r-% . Ai 

27-1 


. Mo 

96-0 

• 1 •* Sb 

■ *• A 

% • As 

! Ba 

120^-2 » 

Nfcodymium . " , 


. Nd 

144 6 

Argon . • 

39-9 

Neon • . . ^ 


. Ne 

20-2 

Arsenic 

74 -90 

Nicke> #. 


. Ni 

58^8 

Bnrium . 

%3#-37 

Niton (niflium emanation*) 

. Nt 

222i4 

Bismuth . ' 

• • 

208-5 

Nitrogen . 


. N 

14-008 

Boron 

. . B 

10-9 

Osmium^ , 


. Os 

190-9 

Diamine . 

. Bi 

79 -rd . 

* 0\ygen . . . , 

• 

. 0 

16-00 

Cadmium 

C.jL'sftun . 

. Cd* 

112-40 

Paltadium . • 

• _ 

. Pd 

. iog-7 

. • . Cs 

lo2-81 < 

Phospffonis 


. P 

31-04 

CaJ^ium ” 

. . ^ Xa 

40 -(i7 

Platinum , 


. Pt 

195-2 

Carbi)n 

. C 

12-005 

Potassium 


. K 

39-10 

(^rium . 

. Ce 

140-25 

f^iaseodymiurn . 


. Pr 

140-9 

Chloiiiie . 

. Cl 

3* -40 

Radium . 


. Ra 

226-0 

Chromium 

. Cr 

.52-0 

Rhodium . . . • 


. Rh 

102-9 

Col.«lt 

. Co 

58-97 

Rubidium 


. Rb 

85-45 

Columbium 

. • . Cb 

93-1 

Ruthenium 


. Ru 

101-7 

Copper 

. . Cii 

G3-57 

Samarium . • . 


. Sa 

150-4 

Dysprosium 

• *. 

162-5 

Scandium . 


. Sc 

45-1 

Erbium . 

. El 

167-7 

Selenium . . , 


. Sc 

79-2 

Europium 

. Eu 

152-0 

Siluon 


. Si 

28-3 

Fluorine . 

. F 

19-0 

Silver 


• Ag 

107-88 

Gadolinium 

. Gd 

157-3 

Sodium . 


. Na 

23-00 

Gallium . 

. G.i 

70-1 

Stiontuim 


. Si 

87-63 

Geimanium 

f Ge 

72 -5 

Sulphur . 


. s 

32-06 

Glucimim 

(;i 

9-1 

'Pan tall! m 


. Ta 

181-5 

Gold 

. An 

197-2 

rdlurium 


. Te 

127-5 

Helium . 

. 11c 

4 00 

Teibium . 


. Tb 

159-2 

Iloltniuni* 

llo 

163-5 

Thallium . 


. T1 

204-0 

Ilydrogeu 

. 11 

1 -008 

Thoiium . 


. Th 

232-15 

Indium . 

. In 

114-8 

Thulium . 


. I'm 

1G8-5 

Iodine 

. 1 

1-26-92 

Tin*. 


. Sn 

118-7 

Iridium . 

• . Ii 

193-1 

Titanium . 


. Ti 

48-1 

I ron ^ 

. .•Fc 

55-84 

Tungsten . 


. W 

184-0 

Krypton . 

. • . . Ki 

82-92 . 

Uranium . 


. IJ 

238-2 

Lanthanum 

. • • . . La 

139-0 

Vanadium 


. V 

5k0 

Lead 

. I’b 

207-20 

Xenon . •. 


. Xe 

130-2 

Lithium . 

• . li 

6-91 

Vtt(*kum (Neoykerliium) 

. \b. 

,173-5 

Jmterium. 

. Lu 

175-0 

Yttrium . 

• 

. Yr 

89-33 ‘ 

Magnesium 

• . . Mg 

21-3-2 

Zinc ^ 

Zirconium , • , 


. Zn 

65-37 

Manganese 

. , . . Mn 

51-93 


. ,Zr 

90-6 

Mercury . • 

• 

. . •. Ilg 

200-6 

• • 
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Alkalimetric degicca, -- 

Anemometer readings, reductio\*to vel^icj^y of 
' current, 176, 177* • • 

Aemperuture conection, 177 • 

^ A^ljnic weights, gi, 679 ^ 

degrees and specifii^ gravity, 122 
Bleaclffng^iowder, French degrees, 600 
s'jfTecific gravity of solution?, ^oi* • 

Vanino’s*^^!^ fof) 609 
l#ine, specific gravity ^fi 501 • 

Calibration tables, 23, 24, 665 • 

Chl^ne, liquidij^ vapour pressure and specific 
gravity, 620 

Conductivity, speci^c, of salt solutions, 223 
Combustion of gases, volume chwi^'cs, 249 

Density, of gases, ^138 
of water, 117 % 

St>g also Specific gravity • 

Gas volumes, tabular numberf for conection, 
238-239 

temperature conection, 660-671 
pressure correction, 672-677 
Gases, density of, 138 
solubility in water, 237 

Hydrochloric acid, speiific gravity, 517 
Hydrometer scales and sj^ccifle gravity, 123 

Lime in milk of lime, f83 " , 

• • 

Micro-manometers, sensitiveness of, 172 

• 

Nitric acid, specific gravity, 490 
temperature correction, 493 
effect of oxides of nitjogen, 493 
Nitrogen compoflnds and nifrorncler icsults, 

415 

Nitupmeter results, factors for, 88, 415 
Nitrous ^id in nitrous vitriol, 414 • 

Ll!UM,«brtUng points, 4^7 • * 

density and compositioft, 
melting points, 456 ^ ^ 

081 


sulpfiu^trioxide content, 458, 467, 468 

V 

Seger cones, squatting temperature, 165 
Soda j^c^ucts, alkali degreq^, 553 
SoSium carbonate solutjpns, specific gravity at 
. 549 • • 

specific gravity at 30", 550 
temperutuie correction, 551 
podium chloride solutions, specific gravity, 501 
Sodium hydroxide solutitrf, specific gravity at 

18°. 565 

Solubility of gases in water, 237 
Specific giavity ami degrees Baume, 124 
temperature cor\^ction, 127 
SlJindard ac.d:=, equivalent in grams of bases, 

56 

Standard alkalis, equivalent in grams of acids) 
59 

Sulphur solutions in carbon disulphide, sjjecific 
gravity, 363 

Sulphur dioxide solutions, specific gravity, 401 
Sulphur trioxide in oleum, 458, 467, 468 
Suljduiiic acid, boiling points, 428 
melting joints, 429 
specific gravity, 418, 421 
temperature correction, 425, 427 
St'g also Oleum 
• 

Tabular numbcis for collecting gas volumes, 
238-239 

Tempcratuie corrections for specific gravity, 127 
Temperatures, list of important, 148, 
of sqiiatting^of Seger cones, 165 
Tolgijiuccs in calibration, 26-30 ^ 

Vanino’s table foi chlorine in ' bleaching 
po\«''ftr, 609 ^ 

»Vclocity of gas current from ane*mometcr read-^ 
ings, 176, f7 7 * 

Volume of water, temperature cdnectiftn, 665 
gases, temperature correction, 666 
pressure correeffon, 672 

Water, vapour pressure, 678 
density, 117 , ^ ^ • 
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Abbe — refractometer, 193 . \ « 

Acljroyd — Marsh- Berzelius test for arsenic, 442 
Acree, S. F. — phenol sulphophthAieins and 
jihenol tetrachlorophthaleins as indicators, 
40 ^ ♦ 

Ahrens and Gilbert, IF — sodium perchlop.te, 
, estimation of, in ^.dt|etre, 485 
and Hett — sodium perchlorate, estimdaon of, 
in salt{)etre, 484 • 

All^erti and Hempel — Chili saltpetre, assay of, 

471, 476, 484 

Alderson and Holi^e^s — bimetallic detector for 
use in gas analysis, 326 
Allen — Marsh- Berzelius test for arsenic, 443 
nitrate, determination of, in saltpetre, 47I) 
nitrometer, 78 

Reinsch’s test for arsenic, ,444 
and Bishop — determination of* sulphur , in 
pyrites, 370 

and Johnston — determiu-ation of sulphur in 
pyrites, 371 

van Alstine — absorjition pipette, 271 
Amberg, R. — rotating electrodes, 103 
Andersen. .SV Sorensen, 49 
Andrews — bomb calorimeter, 347 
determination of sulphuric acid, 373 
saccharimeter reading of normal sucrose 
solution, 213 

Armstrong. See Frankland, 78 ' 

Arnd — nitrate, determination of, in saltpetre, 
474 . 480 

Arndt. See Von Knorre, 320, 409 
Arnould — saltpetre, analysis of 475, 486 
Autenrieth and Windaus — soda mother liquors, 
separation of sulphite and thiosulphate in, 
533 

and Kmnigsberger — colorimeter, 182 
Averilt — sulphur present as sulphide in calcium 
i3r sodium sulphide, determination of, 539 
Avery and Dales — electrolytic deposition of 
iron. 64 , 4,., 

• Aykroyef. ^ See Richardson, 535, 546 

Babington, E. W., and Tingle, A. — standard- 

• isation 0^ barium hydrbxide, 54 • 

Bachofen. See Lunge, 600 * 

Bailey, E. G.“Coal sampling for analysis, 328 
Baillie, W. L. — sampling, 4 
Balcon — modification of Tone and Wheeler’s 
gas apparatus, 296 • 

Balthasar. See Frost, 387 
Barbieri and Neppi — standardising permangan- 
ate by fbrrojis oxalate, 61 , ^ 


< ' t « 

f/i 

Barnebey, O. f.f -msMganese ore, active oxygen 
*'n,* 580 ' , 

and Bishop, G. M.,— manganese ore, active 
oxy^gen in, 580 * 

and Hawes, W. C. — manganese ore, aiji've 
'' ' oxygen in, 580 

Bartlett. ' See Forbes, 225 ^ 

‘ Baskerville and ^flller — nitrate, detcrni’ nation 
, of, in saltpetre by nitrometer, 4^2 
Baumann, A. — available chlorine ip bleaching 
'powder, determination of, 60^ 
az.otometer, sirajdified^ 77 ^ 

o’lromates, examinatir n bf, with nitrometer, 83 
manganese ore, deterfnination of active 
oxygen in, 579 ^ r 

volumetric stanckirdisation, 

Baume — hydrometer apd scale, I20 
Bayerlein. See Fresenius, ,H., 471 
Beck-- nitrate,' determination ot, in saltpetre, 
480 

Beck, P. See Fresenius, II., 359 
Becker — fuming sulpliuiic Icid, analysis of, 46a 
Beckurts — Chili saltpefre, detection of iodates 
and sodium pe*rchlorate in, 471 
nitric acid, detection of iodine m, 497 
Behrenc^ See Kast, 304 
Bern — determination of fluorine in zinc blende, 

387 

Bcnedikt and Higgins — adiabatic calorimeters, 
349 . . 

Bensemann — nitrate, determination of, in salt- 
petre, 475 

Berl — fuming sulphuric acid, apparatus for 
weighing, 464 
See Lunge, 500 

Berolzheirner,' R. See Parr, W., 337 
Beiry — Marsh-BejjyeliiiS test for arsenic, 444 
«Bcrthelot-~bomb calorimeter, 347, 351 
Bertrand — Marsh-Bcr/elius test tor arsenic, 442 
and Vamossy — Marsh-Berzelius tost for 
arsejuc, 444 , 

Bettendorf-— test for arsenic, 448 
Beutcll — spherical float for burettes, 35 
Bianchi. See Tarugi, 373 
Bird — Gutzeit test for r rsenic, 446 
Bishop — Marsh-Berzelius test for arsenic, 444 
See Allen, 370 * 

Bishop, G. M. See Bamebey, O. L., 580 
Bjerrum — indicators, 43 • * 

Blacher and Koerber — determination of sul- 
' pljuric acid, 373 ^ ^ , 

Black. See Sanger, ^6 , « % 

Blair, II. — vcdnmetric estimation of sulphur 
compounds in,gp, 310# 
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Blak^^. SV«f North, B., 49, 50, 52 • 

Blaltner — eau Ide Javel, analysis of, 617 
milk lime, determination! of, 583 • * 

and Brasseur — arsenic, determination of, in 
hyfirochloric acid, 52 1 
arsenic, determination of, in pyrites, 376, 
378 . . 

. sodium perchlorate, estimation of, in salt- 
petre, 484, 486 * • • 

Bleier, O. — measuring pipette, 3^ . 

«lock — lime-kiln gases, anafysi^ of, 540 • 

Bdckmann— -arsenic, determination of, ii# sul- 
phuric aAd, 455 • 

determination of nitrate i:^4^hili saltpetic, 
473, 476 , ^ • • 

soda ash, sxamination of, 554, 355, 556, 558 
Eoddaert, R. J. See Fischer, A., i ^'3 
B^hlig — nitrate, determination of, in saltpetre, 
475 * •* 

Bollenbach, H. — alkali ferrocyanidCs, estima- 
*^on of, 631 • • 

Bone — dfLeimmation of carbpn monoxid^ in 
* gaseous mixtures, 243 * • 

gas anaTy-iib apparatus, 285 • 

0 and Wheeler — gas analysis apparatus, ^85 
Bonner. See Huleft,^? 

Bordoni — anemomttry, hot-wire, 178 ^ 

BoijfHi, V. — c;^nidcs, estimation of, 626 
Botntriiger — jimassium hjtdrogen t.irlratc as 
basis lor acidimet^, 54 

Bosshard and GloI) — sodium sulphite and 
thiosulphate, aeterminatiorj of, 536 
Bottger, W. — elcitrometric litratif^n, 44 
Bousfield — preparation of conductivity water, 

2^9 • ^ 

and Lowry — caust^ soda solutions, specific 
gravity of, 564, 565* 

prepaiation of standaid j^xhtim hydroxide 
solutions, 57 

Boyei — nitrate, deteimination of, in saltpetre, 

475 

. Boys — gas caloiimcler, 352, 357 
Brame ajd (Howan — fuel calorimetry, 340 
Brandt — nitrate, deteimination of, in sallpetie, 

• f 

potassium permanganate, standardis.ition cf, 

65 

Brasseur. See Blaltner, 376^ 378, 484, 486, 521 
Bremer — speciti*igravity ot soliJs, 146 
van Bicukeleevcn — Cinili saltpctie, detection of 
sodium perchloraf^ in, 471 • 

Brislec. See Kohn, C4* 

Britton — determination of caibon in steel, l8o 
Brown, D. J. See Schocj^, E. P., 113 
Browne — specific rotatory power oi sugar, 212 
Browning and Palmer — fei roi'yanides and 
fcrricyanides, scjiaration of, 640 
Brugelmann— analysis^f pyiites, 372 
Bruhns, G. — oxtliic acid as bafts for alkalimetry, 
54 • 

soda mother liquors, separation of sulphite 
• attd thiosulphate in, 533 « 

standardisation of iodine solutions, 68 
3runck, O, — filtration, use of porcelaiiy;rifcible 

*Jn,^^ • • * 

p^ladium, recovery of, • after hydrogen 
absorptioi%24S 


Brunckpt).— tintilum electrode, 97, 98 > 
zinc, detjrnnnation of,ftn blendes, 386 
determii^tionjof sulphur, 363 
Buchanan — use of borax in volumetric standard- 
isati-ui, 51 , 

Biyhefer, II. T.— determination of sulphuric 
acid, 372 * 

Bmlnheipier — dMermination of^fluorine in zinc 
bfende, ^ ^ 

Bunsen — available chlorine in bleaching 

* powder, detqjrr/Iination^f, 602, 603 , 

* determination of ^ases by explosion, 254 
r^atife density •of gases, by methc^ of 

' • ejjhisii!ir7^4<^ 

volumetric analysis, i, 229 ^ 

Bunle — <*detcrmination of gases by passing 
over heated palladium wire, 256 
estinmtion of hydrogen sulphide in gas, 304 


•ras burette, 278, 3(^4 
Bi^ ^ss, T. W. — lin4oi!ietei, i8r ♦ 

Bur^s and Wheeler — determination of 


paraflins derived from coal distillation, 
252 

Burrell, Siebert, and Robertson — determination 
of benzene in gas, ■jpg 

Busch — nitrate, determination of, in salti^etre, 

.475 . • . 

Biaterlield — colorimetiic determination of 
hydrogen sulphide in gas, 306 


Cain. See Stokes, 455 

Callendar, II. L. -^platinum resistance tac*- 
mometer, 152, 155 

and Gnfftths, E. II.— platinum resistance 
thermometer, 152 
Campbell. See Hartley, 219 
Cat nelly — melting point of sodium chloride, 

^ 505 , 

Carpenter, F. B. — determination of the 
moisture in sulphur, 361 
and Liildei — examination of acids in sulphuric 
acid manufacture, 408 
Carquet. .S><» Fonzes-Diacon 
CedercrcuL/. See Lunge, 320 
Chambers. See Morse, 51 
Cli^ncel — sulphurimeter, 359 
Chandler, C. F. — Baiime hydrometer and 
scale, 120 

Chapin, R. M. —standardisation of iodine 
solutions, 08 

Chapman and Law — Maish-Beizefius toit for 
arsenic, 442 

Cli4)^cy. See P^mpton, 72 ^ 

Christemanos— calcium and magnesium, deter-* 
minalion of, 513 * 

Clar ai^ Gaier — fuming sulphuric acid, 
analysis of, f6o, 462 » 

• Claiens, J.-avaiWble. chlorine, in bleachin|f 
powder, d?termination of, 604 
Clark — analysis of pyiites; 372^378 • 

Clarkson, P. — rapid sampler, 6 
Classen — pennangpiate, standardising, by iron, 
^4 

platinum dish for electrolytic analysis, lOI 
pyrites, detennination of alkaline carbonates 
A in. 382, > • * 
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Cla3rton and Skirrow — deterl liraitipn of tar-fog Penham — determination of gas'es by^ j^sing # 

in gas, 318 < ' \ over heated palladium, 256 

Clenell — cyanide, commercij^l, es\ mation of f)e!iig^s — available chlorine in b'eaching 

alkali hydroxide, in, 628 powder, determination of, 601 

nitrate, determination of, in^saltpebe, 473 Dennis — absorption pipette, 271 * 

Clowes — determinatioA of oxygen, 245 * , and O’Brien — determinj^ion of hydrogen 

Cohen. Sfg Odejy, 60 pho^hide in ace/ylene, ?2i 

Coleman, H. 'G. — alkali fersicyanides, deter- and M‘Carthy — determination of benzen^>. 
mination of, 638 k ^ vapour gaseous mixtures, 242 ^ 


coal gas, determination of oxygen in, 246 
:\nd Smith — de1f~rminatibn»of naphthalene in 
gas, 315 ' . 

and Yoeman, E. W. — alkali ferrodyan^'des, 
determination of, 63.7 < 
/•yanogen compounds in coneentrated 
ammonia liquor, 659 ^ 

ferrocyanide, determination of, in spent 
oxide of iron, 652 < 

gas liquor, est’imatidn of thiocyanates in, 

« ^57. , ' o 

Cone — distinction between ordinary* and 

magnetic pyrites, 383 1 

Conner-^etermination of sulphur in burnt 
pyrites, 391 

Conroy, J. T. — arsepi^ in sulphur, 361 * 

crude fused soda, determination of sulphide 
in, 546 

Contat— iron wire, apparatus for dissolvfng, 
in acid, 63 

Corleis — determination of ca^J^on, 382 
Coste, J. H. Sii Huntly, G. N., 330 , 

Cowan. See Brame, 340 
'^aig — determination of sulphurous acid and 
sulphites, 402 

Cramer and Hccht — modification of Seger 
cones, 165 

Crato, E. — potassium bi-iodate as basis for 
acidimetiy, 54 

Crismer — thiosulphate, potassium chromate 
for standardising, 71 
Croasdale. See Hart, 51 
Crowther, Rossiter, and Hood — thfoc} .mates, 
prepanition of, 642 

Crum, W. — nitrate, determination of, in salt- 
petre, 480 

nitrates and gun-cotton, analysis of, 78 
Cushman — improvement on Ostwald pipette, 32 

Dales. Avery, 64 
Damiens. See Lebeau, 300 
Dauvd — electrolysis of copj^er sulphate as 
4asis for acidimetry, 51 
Davidson. See Kolb, 614 . 

Davis — aoparatus for examirjation of oj^%gen 
• in sulphuric acid manufacture, 405 
See Taylor, 320, 48? 

Davis, G. E. — nitrous vitriol, valuation of, 78 
Davis, II. S., a<id Davis, M. 1 ?.— determination 
t of vapourj in gases, 29^ ' 

. 9 ^^ Richards, T.W., 351 * 

Davis, IVft D. *See Davis, H. S., 299* 

Dawydow — Marsh- Berzelius test for arsenic, 444 
Dean, E. W., and Stark, D»D. — determination 
of moisture in fuel, 331 « 

Deckert See Thiele, 64, 575 
Demorest — determination of copper in pyrites, 
381 • 


I^nnstedt and ^,Hassler — determination 
* , sulphur iq pyrites, 367 » ' 

Desdoizilles — voi'ametric analysis, i r 

Deville, St Cliyp — determination of benzene 
in coal gat, «n 

Dickatsltn — international^ calorific value of 
' benzoic acid, 350 , o f ' 

Diefenthalef’, 0 . See Muller, E., 631 ^ 

Diethelm — floats for burettes, 35 
’Dietz and Margosches — thiosulphate, potas- ^ , 
sium Uilorate for standardising, 71 
<Dittmar. See Rosef/e, 52 
Ditz — chlorate, determination of, in '.^leaching 
solution^ 613,* 614 

and Knopflmacher — chlorate, tk’termination 
of, in bleaching solutions, 613 ^ 

Divofs — use of sodium# or* potassium sulphite 
for absorption of nitric ^xide, 409 
Dobbin — sodium thiosulphate, action of pij^as- 
sium petmangaiiate on, 53^ 
sulphate, deteiminatiqp of, in crude fused 
soda, 546 J 

Dobiincr and Schranz — fuming sulphuric acid, 
analysis *of, 465 

soda mother liquors, analysis of, 533 
Domergue --flovsers of sulphur, 364 
Donath — arsenic test, 44^ 

Douglity, H. W., ;fnd Freeman, B. — electio- 
lytic deposi|jon of metals, 98 
Dowz.trd— Gutzcit’s test for arsenic, 446 
Drehschmidt — determination of carbon mon- 
oxide in gaseous mixtnics, 243 
estimation of sulphur compounds in gas, 310 
platinum capillary tube for gas , analysis, 

257 

Drinkwater — selenium, detection of, in hydro- 
chloric acid, 522 

Dunn, J. T.— chlorine industry, the, 576 
saltcake and hyc^rochloric acid manufacture, 

501 .. 

sodium carbonate ma.iufacture, 524 
* sulphurous acid, sulphuric acid and nitric 
acid, m.mufactuie 6f, 358 
See Pattinson, 443 

Dunstan and Robijison — Gutzeit’s test for 
arsenic,*443 

Dupre — sodium perchlorate, estimation of, in 
saltpetre, 485 

and Kupffer — potassiym tetroxalate as basis 
for alkaliiffetry, 54 • 

Dutoit — electrometric titration, 22J, 
and Mojoin — electrometric titration, 225 
and V. Wfjsse — electrometric titration, 22^ 

« 

EbeFinp — iron, determination of, in sulphuric 
acid, 453 V ,* * •' H. 

Edgar — electricjiBconductivity measurement in 
volumetric analysis, 226 « 
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Edwarcfc— determination of relative densities 
^ ^ses by method of effusion, 140 * 

Eggertz — determination of q-».rbon in steel, 
Eichhorn — areo-pyknometer, 126 
Eitner •nd Keppeler— determination of 
hydrogen phosphide in acetylene, 321 
Elliot — table of smph^ric acid concentrations 
and hydrofiieter readings, 424 . 

s'^meray — relation bet teen spe^tic gravity and 
Baum(i readings, 123 

^ngels — electrolytic deposition of tin, 
yresence of^Ioiides, 113 • ^ • 

Efck — sodium perchlorate, estimation of, in 
saltpetre, 484 ^ •• 

Erdmann, H. — cylindrical flo^tor lm§;^es, 35 
nitiDua a^id, deteefion of, in sulphuric »cid, 
r 432 0 

Eschka — determination of sulphur m coal, 337 
fi^ns — Metrog.is apparatus, 295 • • 

Ewan, T. — cyanide, commercial, estimation 01 
•sulphide in, 630 « ^ 

ExndP, % F. — rotating electrodes, 103 
• • • • 

• ^ 

f AHLBERGl!lnd lies — analysis of pyrites, 372 
airley, T. — estinuVitn of sulphur comiJbunds 
in gas, 310 t • 

Farsoe — manganese ore, active oxygeft in, 577 
Feitdner, A. ijj., and T^dor, C. A. — deter- 
mination of nitrogen m fuel, 338 
Feld, W. — alkali fcrrDcyanidcs, determination 
of, 637 • 

cyanide, estimation of, in ga^ lj<quor, 658 
cyanides, estimation of, in presence of feiro- 
cyanides, 6^6 

gas, determination ff tar-fog in, 319 
soda mothei liquors, e"4im.ition of sulidiur 
in, 533 

Fcssel — iodometric method • in volumetric 
standardisation, 51 • 

Finch — fuming sulphuric acid, apparatus for 
w^eighing, 464 

spent acid, deteimination of nitrogen acids 
iff. 498 

Fischer, A.— electrolytic analysis, 97 
rotating electrodes, 107 
and Boddaert, R. J. — rotating electrodes, 103 
Fischer, F. — absorption bincttc, 280 
determination of sulphur dioxide in kiln 
gases, 3^ ^ 

gas analysis apparatus, i ;2, 274 

f as samples, 234 • • 

hiele, C., and Steelier, E.— -appaiatus for 
circulation of clectiolytcs, loS 
Flath — scpaiation of zinc^and iron»386 
Fleischer — densimeter scale, 119 
Fletcher — anemometer, 175 
Floris. See M'Gowan, 338 
Flukiger — Gutzgit’s td^t for ijjsenic, 445 , 

Fiirster — ni^'ate, determination of, in saltpetre, 
474 

podium perchlorate, estimation of, m salt- 
j^tre, 484 • 

Fonzes-Diucon — determination of fineness of 
• sufckur, 360 • • 

* a/W Caiquet — nitrofewicywides, titration of, 
641 * 
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Forbes.^ ^ieWds, 349 
and BartjttU— cfectron^tric titration, 225 
Fournier— «nmysis of pyrites, 371 
Fox — analysis o#gases in manufacture of nitric 
acid, 487 

detegtAinationW oxidej of nitrogen in gas, 319 
FrSnkland and Armstrong — nitrates, determina- 

• tion of, in water, 78 ♦ ^ 

Franz|n,* H,-— Jdium hydrosulphite as ab- 
sorlicnt f'ji oxygen, 2^ • 

Frary, F. C. — appa^jitus to groduce circulation 
• of electrolyte, 107 * 

Freak, G. A. — electrometric titration, 45 
Fretn^aiij B, doughty, IT. W., 98 
Frcilierg^analysis^f pyrites, 371 
FreseniuV 11 . — determination of arseiiw: in 
pyrites, 379 

and Bayerlein — Chili saltpetre, detection of 
^ indium per*hloratc 471 
*fnd Reck, P. — suhmyrimeter, 359 ^ 
ca!^spar, in volunretiic staiidarciisation,*^50 
chlorates, deteimination of, in bleaching 
sohtiions, 612 

Huoiine, deteimination of, in zinc blende, 387 
► hydiogcT. sulphide, gravimetric estimation of, 
m gas, 304 • 'J 

inang.incse ore, ana^'.''is of, 577 
yyrites, analysis of, 371, 382, 392 
See Pclouzc, 473 
Frevert. See Rk hards, 349 
Freytag. See Sj#llema, 4S4 
I*ricke — nilmte, determination of, in saltpetre, 

^ _ 474 ^ 

Friedhcim — potassitim chlorate liquors, de- 
termination of free chlorine and hypo- 
chlorite in, 599 

Friend, J. A. N. — potassium permanganate and 
hydrochloric add, interaction of, 60 
Froysell. See Kohn, 64 
Fry — micro-manometer, 172, 173 
Fuchs, P.— hydroddoiiu acid, specific gravity 

nitiic acid, specific gravity of, 490 
sulphuric acid, effect of tern pci ature on 
specitic gravity of, 426 
sulphur, (ieterminalion of, 363 
tables for temperature correction for hydro- 

• meters, 126 

Furstenau — fuming sulirhuric acid, analysis of, 
460 

G\ier. See Clar, 460, 462 
(iaillard— analysis of gases in manufactJre of 
nitiic acid, 487 

< 4 ^tenninalion t>f oxides of nitrogein 320 
Gail— deteimination of njiphthalen^iu gas, 318* 
Gantter— nitrate, determination of, in saltpetre, 
4 V 4 * . 

Gardner, Norlh,*rv'id Taylor-^otassium per- 
manganati, standefrd solutiftn of, 6 1 * 

Garnier-^rsenic, detectign of^ in potassium 
chlorate, 618 

Gasnault — specific gravity of solids, 147 
Gate^J^ouse— deterrmnation of hydrogen phos- 
phide in acetylene, 321 

Gautier — carbon monoxide, determination of, 
in air, 262 , 
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Gavelle— table of density and pomp< 
fuming sulphuric^cid, 458 i 
Gawalowski — sampling auger, 9 ' 

sampling pipette, 1 1 

Gay-Lussac — available chlorine in bleaching 
powder, determination of, '"001 
volumetric analysis, i 

Geerligs, P. — sac^harimeter readings of nornal 
sucrose solution, 213 
Gerdien — aremomct.-y, hot-wire, 178 
Gerster — formula for calculation of strength of 
'■> fuming sulphuric acidj^4i7 
Gilbert, C. — sodium perchlorate, estimation of, 
-'in saltpetre, 485 ^ t r- ' 

Gilbert, H. See Ahrens, 485 
Gile--«md Sheaicr — sp^ecific giavitics oQ,olutions 
of sulphurous acid, 401 

Gintl — potassium permanganate, standardisa- 
tion of, 65 

Glaser — qarbonate in standard alkalis, 58 
Hufinel, 371 * 

Glen, W. — sampling, 4 

Gockel — iron wire, apparatus for dissolving, in 
acid, 63 

light screen for burettes, 35 
Gooch, F. A., and ?dodway, II. E.— rotating 
electrodes, 103 , 

Gooch and Hill — determination of bul[)hu»’ in 
pyrites, 371 

and Peters — manganous sulphate, use of, in 
volumetric analysis, 60 

Goode and Perkin — Gutzcit's test for arsenic, 

au 445 

Gotthelf— Gutzeit s test for aisenic, 445 
Gottlieb — determination of sulphur m pyrites, 

3^9 ... 

Gowan — nitrate, determination of, in saltpetre, 

475 

Graham— determination of carbon monoxide by 
means of iodine pentoxide, 263 
Grandeau — use of calcspar in volumetric 
standardi-sation, 50 
See SchlOsling, 473, 482 
Gray, T, — apparatus for the determination of 
benzene in gas, 300 
calorimeter, 345 
gas sampler, 234 
and Rol^rtson— calorimeter, 345 
fuel calorimetry, 340 
Griffet. See Taurel, 364 
Griffin, M. L. — sampling, 4 
Griffiths, E. — pyrometers, total radiation, 163 


thermo-electric pyrometers, 1 57 
See Callendar, H. L., 1 52 


Griggs — cnicro-manometer, I pi 
‘Grob. .S><5„Bosshard,t536 
Groger — iodometric method in volumetric 
standardisation, 51 ** 

Groll. See Veiwer, 64 r ' 

trossmann — stjda mother liquors, analysis of, 

531 . o . 

volumetric determination of sulphuric acid, 

374 

and liOlter — thiocyanates, estimation ob 645 
See Lunge, 342, 344 

Grtlnhut — fuming sulphuric acid, table for 
finding percentage of SO3 in, 467 


Griiters. See Krister ' •» ; ^ 

Griitzher — estimation of nitrite in sulphuric acid 
c r> manufacture, > ; 1 3 
Guild — Pulfrich refractometer, 190 
Gunsberg — colorimeter, 182 
Gutbier — nitrate, determination of, in saltpetre, 
475 . ' 

Guttmanii — composition of spent acid, 498 
Gutzcit-> arsen* t, test fo.’, 44.5 
Gyzander— removal of iron from j^yrites, 369 


Hahkk and V. Oechclhauser — determination 
of cthylen^?^ coal gas, 244, 297 
Hackforj. Acc *?and, 441 
Hagen— Chili saltpetre, composition of, 470 
Hager— detection of ars’^iiic, 361, 519 
Hahn, H. C. — sodium ihloride, specific gravity 
’ of solutions of, 501 ' 

Haldane— determination of hydiogen sulphide 
. in gas, 303 . 

gas analysis apparatus, 289 
IlaH. See T'eaclw'ell, 320 
Halle; — determination of sulphur didxide, 320, 
397 

Halsk'e. See Siemens, > 

Haihiie — use of oxalic a»Hd as a basis for 
acidVraelry, 53 

Harlxjck and 1 -unge — determin don of benzene 
111 coal gas, 29c] 

Harcoiiit, V. — caloriinoLiic estinnition of 
sulphuretted hydiogen,'’ 305 
Hargieaves - ‘ examination of exit gases in 
Iiydrocliloric acid mamifactuie, 5tb 
Harncd and f.aird- -oxalio arid titration by 
mcasuiement of elec ic.d conductivity, 225 
Hart .ind CroasiL’^e — •electrolysis of copper 
sulphate as basis for aculimetiy, 51 
Hartley — use of metallic sodium in volumctiic 
st.uuTardisation, 51 

Campbell and Poole — pieparation of con- 
ductivity water, 219 
Hartmann, See Paal, 244 
Hasenclever — carbon dioxide, determination of, 
in Deacon process, 590 
Hassler. See Dennstedt, 367 
Hassreidter, V., and Frost, H. — determination 
of zinc, 381, 383 

Hattensaur—arseiiic, dclermi'voion of, in sul- 
phuric acid, 45^ 

Ha\Nes, W. C. .SVf’*Ban?el)y, 0 . L., 580 
lleclit. A’cf Cramer, 165 *• 

Hehner- -arsenic in sulphuric acid, 433 
Gutzeit’s test for arsenic, 446 
Marsh-Ilc zelius test for arsenic, 443 
Hellich— sodium i^erchloratc, estimation of, in 
saltpetre, 484 

Hempel— gas analysis apparatus, 264 

gases, dctermi/iation of, by passing over 
heated palladium, 255 

hydrogen, determination of, by absorption 
with iialladium, 269 

oxygen, aosorplion of, with pyrogallol, 245 
pyntes, analysis of, 371 
See Mberti, 471, 476. 484 
See Mayer, 658'' ' '* 

Henderson. See Richards, 349 
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Hendrixsfin — cljlorate in bleaching solutions, 

• detei\ination o 7 , 614 • • 

electrometric titration, 45 . 

Heraeus-*saltcake, estimation of magnesium* 

in> 

Herting — cyanates, estimation of, 649 
determination of ainc in blendes, 386 
and Lehnhardk — refcoval of irop from 
V pyrites, 369 . t. • 

f.Herz— determination of zinc in blendes, 386 


f 

Hurt, Sk Mai, 441 

Hurter — ^dijin], fwocyanide and thiocyanate 


in vat lijjSut*, estimatiSn of, 529 

Iles. See Fahlberg, 372 * 
liosvay — ifitrous arid, detection and estimation 
of, in sulphuric acid, 431, 449 
S<^ Lunge, 409 ■> 

Ingham|r-Mitrat^ ^termination of, in saltpetre. 


Iks— nitrate, deteimination «f, in saltpetrei^^ Iilglis— estimation of pitrous oxide in sulphuric 
• 4^5 • • ^ acid manufacti^e, 410 ^ 

Iktt Ahijfn^484 . * Isbert and Venator-^-saltcake, estimation of 


Hcublein. See Tillmans, 568 f ^ 

Heydvveiller. ,S><f Kohlrat’sch,^^ 

Higgins, C. L. — prepamtion of notmal Ti;^rp- 
chloric arid, 52 • . 

pTeparation of puie sodium carbonate, 49 


2 m Renedikt, 349 
[Indeb 


, Hildebrand, J. H. — cell for use withpnercury 
cathodes, 109 ^ 

electfcinfitric titialion, 44 
Hildesheitner — nitiate, detejnlfnr^ion of, in 
saltpetr#, 474 . . * 

Hi^er — hydrochloric acid, deteimination of 
*^sul])hurous and ari^nious acids in, 521* 

Hill. iSVc Gooch, 371 • • 

Hinmann — potassiurff tetioxal.itc as b^sis for 
;#kal imeLryj^4 

Hdhncl and Glaser — malysifof pyrites, 371 
Holler. See Grossrn.mi*, 645 
Ibhiig — sodium pemhloiate, estimation of, in 
saltpetre, 484 • « 

Hofmann, K. A.— deteimination of hydrogen in 
gaseous mixtuies, 245 

Hohmanu and Maurcr—^nercurial thermometer, 

150 ^ 

Holbotn and Kurlbaum— pyrometers, optical, 

163 • 

Holdcroft— thermostopes, 166 • 

Holde— ddatometer, 135 
Hollard, A. — gauze electrodes, 10 1 
Holliger— determination of sulphuric acid, 374 
Hollins, 0 l — estimation of aisenic by Gutzeit 
test, 447 

Holmes. AW Alderson, 326 
Holtkamp— nitrate, determination of, in salt- 
petre, 480 

Honigmann — gas burette, 280* 

Hood. See Crov^P^fer, 642 * 

Houben, J. — use of ferre^^ srjt as indicatoi, 44 
Houzeau— nitrate, detewnination of, in saltpetre, • 
475 

Howard, H. — fuming sulphuric acid, assay of, 
469 • • 

I loward, W. M.— mercury, use of, as cathode, 
101 

V. Huber, H.— bleaching solutions cont.iining 
chromate, anaWsis (#,617 
Hul9).t and Bonner — preparation of normal 
hydrochloric acid, 52 

’^Tumphrey^T. C. iSee Price, T. S., 103, 108 
[untfy, G.^. — calorimeter corrections, 349 
fuel analysis, 327 • 

ga%sarnp]^s, 234 • • 

^nd£oste#J. H.—deterftina^on of moisture 
in fuel, 330 


s^idiiln sulnhta^e In, 513 
Isler. 5 ><^Lunge, 41*7 
Ituno. Sc^ Van Suchlelen, 225 u> 

Jackson, L., and Wing — influence of nitrogen 
^ peioAde on spotific gravity of nitric acid, 

• ’ J 

jaeger^gas analysis .^jparatus, 293 ■» 

* gases, determination of, by combustion, 248, 

260 •* 

nitrogen, determination of, 263 
Jphoda — pc'inanganate standardisation by 
means of iron, 63 p 

Janies and Richey — pleaching solutions in 
electrolytic works, analysis of, 610 
Jamieson- determination of sul[)hui dioxide in 
kiln gases, 397 

Janda— flow CIS of SMiphiir, 364 
Janiiasch -anhlysis of pyrites, 372 

soda mothei hquois, estiination of siilphidr^jy^ 
sulphur in, 531 

and Ru hards— lemoval of 11011 from pyrites, 
3 f )9 

Japp -gas-volumeter, 88 
Jeffers — Marsh-Berzehus test for arsenic, 442 
Jeffery, J. H. — potassium permanganate and 
hydrochloric acid, interaction of, 60 
Jelhnck. See Nernst, 482 
jene— determination of sulphur in pyrites, 389 
Jensch — determination of siliceous zinc ores, 386 
Jesse, R. H. See Richards, T. W., 331 
Jodlbaucr — nitrate, deteimination of, in salt- 
petre, 474 

John. See Pei man, 51 
Johnston. See Allen, 371 
Jones, G. C. — potassium peimanganate and 
hydrochloric acid, luteiaction of, 60 
Jones and Meighan— deteimination of oxygen, 
•245 . 

See Orton, G08 •• 

Jorissen and Rutlen— determination of naphtha- 
k*e in gas, 3i| 0 

Judge, G. H. B. See Pric^, T. S. ^ 

Junk — starch solution, sterilisation of, 08 
V. Jiiptnei,rfl,- -perm.mganate standardisation, 
nitiometer metfftod, GO • 

• • • 

KAHLbAUJ<l|— preparation of sodium ^oxalate 
for use in alkalimetry, 49 
Kalmann — iodine, standardisation of, 68 

soda mother liquolfe, estimation of sulphite 
Jhd thiosulphate in, 533 
and Spiiller— soda mother liquors, analysis 
of, 532 
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Karaoglanow — determination of wiphur in 
pyrites, 371 ^ * I 

Kast and Behrend—Bunte buiitfi, 304 ^ 

Kay, S. A., and NewlancJ'J, S.\ H. — u^e of 
methyl red iiV determination of hardness 
of water, 39 ^ <■ ‘ 

Kaye and Laby — ph^ sical and chemical ta.bles, 

117, 141, ^ . 

Keane, C. A., and Lunge, Gt— genep^l,.methods 
in chemical '«H;4ilysis, 4 ^ ' 
and Palchin, G. — ^lip for gas analysis ^ 
r apparatus 235 i ^ 

and Thomas, J. S. G.-* .echnical gas analysis, 
c. 229 ' c / ^ 

Kelvin— thermodynamic t^caie of tlmfjerature, 

Cl 148 * 

Keppeler. See Eitner, 321 ^ 

Kessler — potassium permanganate and hydro- 
chloric acid, jnteracti(jn of, 60 ^ , 

King — anemometry, jidc-wirc, 178 / ' 

irandraeter, 168 t 

Kinnicutt and Sanford — carbon monoxide, * 
determination of, by iodine jx'.itoxide, 262 
Kirkby— Gutzeit’s test for arsenic, 445 
Kissling— sodium carbonate, pure, examination 

of, 561, 562 

Kjehdahl — iodometric method in volumetric 
standardisation, 51 , 

Klason and Mellquist — determination of 
selenium in sulphur, 362 
Kleiber — nitiate, determin^ttion of, in saltpetre, 
480 *' «. 

von Klobukow — mechanical stirring in clectro- 
lytic analysis, 102 c 

Knecht — chlorate in bleaching solutions, dctei- 
mination of, 614 

nitrate, determination of, in saltpetre, 480 
Knietsch, R. — chlorine, liquid, table of vapour 
pressure and specific gravity of, 620 
sulphuric acid, fuming, 456, 457) 4^6 
sulphuric acid, melting-points of, 429 
KnOpfler — determination of sulphuru. at id, 
373 

Knbpflmacher. 6><fDitz, 613 
Knop— azotometer, 75 

von Knorre — determination of sulphuric acid 
by means of benzidine, 376 
estimation of nitric oxide in sulphurp. acid 
manufacture, 409 

and Arndt — nitric oxide, estimation of, in 
sulphuric acid manufacture, 409 
nitrous oxide, determination of, by combustion 
t with hydrogen, 320 
Knublauch — alkali ferrocyanides, determination 
of^632 „ #.) 

naphthalene, detwniination of, in gas, 317 
use ot ammonium sulphate in volumetric 
standardisation, 51 c 

Kober, P. A. — nephelorni ric determinations, 

' 188 , . , ♦ 

Koch. See Treadwell, 382 
Kcenij^sberg^r. See Autenreith, Ib2 
Koerb^r. See Blacher, 373 
Kohlrausch — specific gri«;ity determination, by 
method of sinker, 133 * 

and Heydweiller — specific conductivity of 
purest water, 219 
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Kohn— electrolysis of copper sjttlphata as basis 
for acidmetry, 51 . . 


Brislee and Froysell — electrolytic deposition 
* of iron, 6^ ♦ 

Kolb— rational Baum^ scale, 120 ^ 
and Davidson — chlorate, determination of, in 
bleaching solutions^ 614 
Kollo, p* Minovdei, S., 39 
KoltholF, I. M. — 7 electrical conductmt^-' 
m£asure/hent in volumetric analysis, 276 , c 
/ electrometric it’tration, 45 r , 

Konig — caloiimctric estimation of metals, 186 
deVonpek, L. L. — iodine, f>reJ3aratio»^ ‘af pure, 

70 /ii 

voUjmetric*rhalysls, 20 

K^ravsehraer — sodium t thiosulphate, sodium ^ 
bronnite for standardisation bf, 7l , 
Krauch-^mmonici, determination of, in sul- 
, phunc acid, 432 

hydrochloric acid, analysis of, 518, 519, 52 1 « 

nitric acid, analysis of, 496 ^ 

sodium caibonate, puie, examinay'onc^t, 561 
jsulphuricj^africli, impurities in, 429^' * 

Kraut— potassium tetroxalate a,:* basis for 
* alkaliineLry, 54 ** 

s-'.uidardising permj,nganale by potassium 
^ tetroxalate, 61^ 

Krell-«.ielative density of gases, determination 
of, 144 <* 

Kreniann. See Kf.istcr, 489 * 

Kremers — hydrochloric acid, specific gravity of, 

Kret/schmjir ar^^enic, determination of, in 
hydiocliloiic aud, 520 
Krocker — bomb calorimeter, 347 
Kmys, Van’t— deteirpjna’tion of sulphur in 
pyrites, 37t ‘ 

Kubli — sodium carbonate, detection of, in 
bicar bona^, 5*^9 

Kuhling — potassium tetroxalate as basis for 
alkalimetry, 54 

Kuhn and Saeger — Marsh-Berzelius test for 
arsenic, 441 

Kiister — hydrochloric acid in ivolumetric 
analysis, 55 

sodium bicarbonate, hydrolysis of, 568 
preparation of standard sodium hydroxide 
solutions, 57 

and Gruters-*-barium hydroxide solution, 
stanclkid, 57 ^ 

and Kremann-*rhy'-V‘^^<^s of nitric acid, 489 
and Munch — preparation of normal hydro- 
chloric acid, 52 

and Sicdler — preparation of normal hydro- 
chlpiic acid ,152 

and Tliiel— determination of sulphur in 
pyrites, 368 

Kupffer. See Dupre, 54 
Kurlbaiim. S^e Hollorn, 163 

Lahy. See Kaye, Il7) 141 ‘ 

Laird. See Harned, 225 

Lander, G- D., and Walden, A. E— cydnides, 

^ detection of, 622 ' 

Landplt — electrical conductivity ^of ,‘?ugar 
solutions, ,225 / , c 

light filter; 2L2 
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>ange, A.-— carbon dioxide liquid, examination 

*'!fe7 * 'i 

chlorinb, liquid, physical properties of, 619 
deterq^iivatiQAof ash of sugars and syrups, 024 
^auth and Vogt — temperature scale determina- 
tion /lorn mixtures of vitreous materials, 
165 ■ 

^aw. Sfe Chaynan, 41^.1, 442 
^aw, D. J. See Sand, H. J. S. 
tpan and Whatmougft— prepajation *of pure 
i iodine, 71 ^ 

Lebeau and Damans — determfn^on of benzen|^ 
in gas, 300 ' • 

^dJtiuur — eleftrolytic deposition of irftn, 64 
-.ehman, F., and Wolff, G. — u|Aof methyl red 


-.ehman, F., and Wolff, G. — u^of methyl red 
as indicator, 39 * ^ 

;>ehmann — dmmoniurn carbonate in sOditim 
« bicarbonate, 568 « 

Lehnhardt. See Ilerting, 369 ^ 

5 femaitre — saltpetre, estimation of perchlortite* 
in, 486 •* 

-,essi]g — apparatus for tlifc determination of* 
benz<*ie in gas, 300 , 

^eslelle — sodium sulphide, '*estir*ition of,^ in 
soda asb ^557 

*vi — analysis of sulphur, 364 ^ 

^evol and' Poggiale-*,jpanganese ore, active 
oxygen in, 5774 ^ 

.ev^— determination of carbon monoxide in 
air, 262 ^ « 

silica-platinum combustion capillary for gas 
analysis, 257. 2^8 

^eys — sodium bicaroonate, detejtion of normal 
carbonate in, 569 

-.ichty — freezing point and electrical con- 
ductivity of siriphuric acid monohydrate, 
428 

^iebig, M.— apparatus for estimation of oxygen 
in sulphuric acid manufacture, 405 
sodium carbonate solutions, effect of J^mi^era- 
ture on specific gravity of, 550 
Liechti and Ritter — nitrate, determination of, 
in saltpetre, 483 

Lindemaim — apparatus for estimation of oxygen 
in sumhuric acid manufacture, 405 
binder, E. — cyanogen compounds in con- 
centrated ammonia liquor, 659, C60 
determination of hydrocyanic acid in gas, 315 
gas liquor, analysis of, 657^ 

See Carpenter, .'■•58 * 

Ling— basic lead acetate„preparation of, for use 
in polariraetry, 214* « 

and Rendle — Marsh - Berzelius lest for 
arsenic, 443 

See Pope, 201 ^ 

Lippich — light filter, 202 
List — analysis of pyrites, 371, 378, 381, 392 
and Moore — determination of sulphur in 
burnt pyrites, 39 

Lockemann — Mai«h-Berzelius lest for arsenic, 
-444 

Lbsekann. See Mayer, 182 
Lbwantha’^valuation of tanning materials, 46 
Lohbfer. See Lunge, 545 
Loose, R. See Rupp, E., 39 . " 

^vAG-^p|iaratus for examin|tioR of oxygen 
in sulpAiric acid manUfacJjurg, 405 


Lo^bonw, J. W. — tintometOT, 184 

Lowe— dteterpiinat^n of sulphur dioxide in 

kiln ga ^8^394 ^ 

Lowry — hfj^it sources in polarimetry, 202 
See Boumeld, 57, 564, 565 
Lubbergrr — determination of oxygen in gas, 301 
Lurk — plfenolphmalein ys indicator, 40 
LuCkow — electrodes, 99 ^ 

Lufige, G. — bure^es, 35 ^ 

carbefiate in *^#ndard alkalis, 58 
caustic soda manufacture, alkalinily of caustic 
bo .oms in , ^13 » * 

Chance-Claus sulphur recovery process, 538 
Chili £»ltpetre, composition of, 470 , , 

chloainji indUi^K»the, 576 
chlorinf?, available, in bleacliing powder, 
de't'ermination of, 605 

chlorine, free, and hypochlorous acid, dis- 
tinction between, 61 1 
’fuel, determinatidh wf ashln, 332 
f 4 el,^ determinatiorllofH:alorific powey of with 
ii^Parr’s calorimeter, 342 4 

gas analj^is apparatus, 272, 274 
gas-volumeter, 83, 85, 87 
hydrochloric acid manufacture, examination 
of exit gases in, 516 

hydrochloric acid in voTumetric analysis, 55, 
iron, determination of, in sulphuric acid, 453 
iA)n, electrolytic deposition of, 65 
kiln gases, determination of sulphur dioxide 
i”' 394 . , -J . 

^iln gaser, determination of total acids in, 
398, 400 

manganese ore, active oxygen in, 577, 5/o, 

579 . 

manufacture of sulphurous acid, sulphuric 
acid, and nitric acid, 358 
methyl orange as indicator, 39 
nitric acid, determination of iron in, ^96 
nitric acid, specific gravity of solutions of, 490 
nitric acid in sulphuric acid, effect of 
selenious acid on brucine test for, 452 
nitrogen^slimation of, by azotometer, 77 
nitrometer, 78> 80, 83 
potassium permanganate, standard, 60, 61 
potassium permanganate standardisation, 
nitrometer method, 66 
pqjassium permanganate, standardisation by 
oxalic acid, 62 

potassium tetroxalate as basis for alkalimetry, 

54 

pyrites, analysis of, 367, 368, 369, 372, 390 
saltcakc and hydrochloric acid, mcfnufacKiHire 
of, 501 

saUnetre, determination of nitrate in, 473,* 
4S0, 482 ** 

sodium arsenite and tBiosulphate in iodo- 
mel^y, 73 

sodium bicarbonate, analysis of, 570 
• sodium bicarbonaft as* basis for acidimetry, ,1 

48) « 

sodium (iarbonate, manufacture of, 5C4, 525, 

527, 528 

sodium carbonate solutions, specific gravity 
*of, 550 

sodium oxalate as basis for alkalimetry, 50 
sodium oxalate, preparation of, 49 
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Lunge, G.— 'Standardisation of acids, C2 
sulphuric acid, boiling poi()ts of^42l/ 
sulphuric acid, deSerminatiof' \\>f nitrogen 
acids in, 430, 431, 432 , 

sulphuric acid, fuming, analysis d.', 463 
sulphuric acid, influence impunities on 

specific gravftycof, 426 ’ <■ ^ 

sulphuric aci(J manufacture, estimation of 
nitrous ‘oxide in, 409 r ^ 
sulphuric acid rpanufacturQi<examina,ion of 
worlA’ acids, 41 1, 412 

yilphuric acid manufacl^Ure, formula showing 
loss of sulphur Of burning with eCit 
gases in, 410 « “ n 

sulphuric acid, table for,tc-.,pcratur e ,''orrec- 
tion on specific gravity of, 425, 
vaV’waste, determination ot soda in," 573 
and Bachofen — available chlorine m bleach- 
ing solutions of various specific gravities, , 
600 ' * ' 

anjji Perl — spent scie^, determinatipn-’ of 
sulphuric acid in, 500 

and Cedercreutz— deteimination hydrogen 

phosphide in acetylene, 320 
and Grossmann — determination^ of calorific 
power of fuel with Parr’s calorimeter, 
342, 344 ’ * 

and llosvuy — reagent«for nitric oxide, 409 
and Isler — specific gravity of sulphuric dcid, 

417 

and Lohbfer — cellulose industry, analysis of, 
crude fused soda in, 545 c ^ 

and Lwoff — nitric acid, determination of, in 
sulphuric acid, 451 , 

nitrous acid, determination of, in sulphuric 
add, 449 

and Marchlewski — calcimeler, 382 
carbon, estimation of, in iron and steel, 89 
carbonates, estimation of carbon dioxide in, 

83, _ 

hyilrochloric acid, specific gravity of solu- 
tions of, 517 

nitnc acid, effect of nitrogen p -roxide on 
specific gravity of, 493, 494 
nitric acid, estimation of total acidity of, 495 
and Naef — examination of gases in manu- 
facture of sulphuric acid, 404 
sfStecific gravity of sulphuric acid, 417 
and Neuberg — gas-volumeter for determina- 
tion of vapour densities, 87 
and Offerhaus — determination of the calorific 
power of fuel with Parr's calorimeter, 344 
ai?d Key — specific gravity of nitric acid at 
various strengths, 490 i 
weighing apparatus for fuming acids, 463 
c and iClttener — carbon dioxide, determination 
ofjVn presence'^of chlorine, 615 
carbonic acid, determination of, ifi carbon- 
ated liq,uors, 530 

chlorine, ^ electrolytic,' determination of- 
carbon dioxide in, 596 ® 
and <Schappi — sodium ferrocyinide, de- 
termination of, in vat liquor, 528 
and Segaller — soda mother liquors, estima- 
tion of sulphur in, 535 

and Smith, J. H. — soda mother liquors, 
estimation of sulphur in, 534 


Lunge, G., and Stierlin — determination of 
^ sulphur in pyrites, 3G9 / ^ 

determination of sulphur in burnt zinc 
c <, blende, 39J 

See Harbeck, 299 ^ 

See Keane, C. A., 4 ^ 

Lwoff. See Lunge, 449, 45 '• 


Macagi^o — dPect detitmination of sulphiyi 
362 

'■McBain, J. W. — ^ihdicators, 4^1. o 

M‘P ide — standardising permanganate by 
sodiiSm oxalate. 61 ’ 

M'Carthy. 6'/ tennis, 242 
M‘Ca,^^ri.. — arsftiic, determination of, 376, 455 
M‘Gowan and Ploris— jlAennination of arsenic 
in fuel* 3 38 f !■ 

MacLachlan—hydrogen peroxide, determina- 
, tion of active oxygen in, 580 
Marcker-' sodium chlorate, estimation of, in 
saltpetre, 485 '> 

Mahler — bomb calorimeter, 347 
Ma* and Plirt — Marsh-Berzelius test * for 
arsenic, 444 ^ 

Main — determination of ash confent of suga*4 
^and syrups, 224 
Manley. See Veley, 490 p 
Marboutin and Mouhnic— 'determination of 
sulphuric acid,T374 

Marchlewski — black aslij estimation of sulphide 
m, 527 

soda mother, liquors, estimation of sulphide 
sulphtlr in, 531 

Lunge, 83, 89, 382, 493. 494. 495. 5^7 
Margosches, B. M. — mdicatrirs, 38 
See Dietz, 71 

Margucritte— voluiketric analysis, I 
Marsh— arsenic test, 434 
Marshall^ A.— {Mcparation of normal sulphuric 
acid, 52 

specific gravity of sulphuric acid solutions, 

424 

sulphuric acid, influence of impurities or 
specific gravity of, 426 
Marx. See Newfield, 482 
Mauguin. See Terres, 261 
Maurer. .SV^’ Mohmann, 150 
Mayei and Ilempfl— ferrocyaniJes, estimatio 
of, in gas liquor, 658 

and Lbsekann — deVirmination of zinc i 
, pyrites, 38 i* 

Maynard — quichlime, 'determination of fn 
lime in, 582 

Meade— elecliolysis of copper sulphate 
basis i'l acidime^ty, 52 
Medway, H. H.— electrolytic determination 
copper, 98 

See Gooch, F. A., 102 
Meighan. See Jones, 245 
Meineke— iodine, preparation of pnre, 71 
nitrous acid, detection of, in sulphuric ac 
432 ^ 0 

liotassiuifi bi-iodate in volumetric standa 
" Jsation, 51, 54 . , ^ 

potassium ^rmanganate, standaruisutiqh of,' 

65 . t 



Meinek(^potassium tetroxalate as basis for 
a!la1metif , 54* I 

saltpetre, estimation of chloride, chlorate, 
ard perchlorate in, 486 • • 

podium ^osulphate, pure, preparation of, 69 
thiosulpnate, potassium chromate for 
standardisinf, 71 
Meissl. See Ullyicht, 5I(. 

^Mellquist, See Klason,^363 * 

IVkindenhall, pyrometers^ optical ^spectfoscopic 

• eye-piece for, 164 . , 

Merrey wether, ^e Richmond, 4^8 ^ 

— Bettejdorf test for arsenic, 448 • 

MetzT^standardisation of iodi^ solutfons, 68 
Meyer — apparatus for analysi^kf generator 
gas, 278 •. 

determinatfbn of siilini it in burnt zinc blende, 

" 393 ^ 

Mejier, F. — determination of zinc in zinc 

• *blende, 385 * 

Meyer, H. Polstorff, K., 628 • 

Milldf.t, See Baskerville, 48^ 

Minovici, ft., and Kollo, C.— us« of methyl red 
in titration of picric acid, 39 • 

Mitchell and S<nith — determination of sulphuric 

• acid, 373 * • 

MIxter — analysis of pyn40S, 372 

Mbller — fuming su^diuric acid, analysis of, 

Mohr, C. — dete?ftiination of%ulphuric acid, 373 
Mohr, F. — volumetric aiialysis, 1 1 
Mohr — ferrous aijinonium sulphate for 
standardising permanganato, 65 
iodometric method in volumetrfc stand aid- 
isation, 51 

modification of W^stnhal balance, 130 
oxalic acid as a basisior acidimeiry, 53 
unit of volume (Mohr’s li#e), 21 
Mojoin. See Dutoit, 225 ^ 

Monhaupt — determination of sulphuiic at id, 
373 

Moody — prepaiation of noimal Jiydrot hloric 
• acid, 52 

Moore, tV C.— determination of sulphur in 
pyrites, 370 
Moore. See List, 391 
Morris — anemometry, hot-wire, 178 
Morse — pyrometer, optical, 1G3 

and Chambers— use of Ii^rogeii peroxide 
in volumet: !• standardisation, 51 
Motion. See Worden, 

Moulini^. See Marboutyi, 374 
Muller, F. C. — determination of density of 
gases, 400 

Muller, W. A. — determiiytion of sulphuric 
acid by me.ins of benzidine, 374 
Muller — available chlorine in bleaching 

powder, determination of, 607 
Munch. See Kuster, 52 • ^ _ 

Mulder— nephelonfetric determinations, 186 
j^urter, E., and Diefenthaler, O.— alkali ferro- 
cyanides, estimation %f, 631 
Muller, G.-^special hydrometers, I2(ii> 

• Munro, C. E.— use of platinum sponge ^in 

•jltratioy, 18 • * 

^rmi^ni^— ara'Vintetric dCternvnation of zinc 

* in zinc blende, 386 • . 
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Mufset— ^odiuirt bicarbonate, detectiqp of thio- 
sulpiate^n, 5^ 

Mutniansky-^ljtrium ftiidlulphate, centinormal, 

72 J ^ 

starch somtion, addition of mercuric iodide 
to, 58 , 

MyMus-^rodium bicarboiiatd^ detection of thio- 
sulphate in, 569 ^ 

• / 

Naef. See Lun^e, 404, 4lf 
, Niahnsen — determination of copper in pyritys, 

• 380 • 

Neitzel — jise of metallic sodium in volumetric 
Aayayidisali.'.^, 51 * 

TMeppi. See Bar bier 1, 6 1 
Nernst aii^, Jellinck — nitrate, determinatienfi of, 
in saltpetre, by nitromelei, 482 
Nessler— ^mmonia, determination of, in water, 

• • 179 • . • 

NeL4>erg. See Lung% ^ * 

I Newfi%d and Marx — nitiale, dcleimination of, 
in saltpetre, by nitrometer, 482 
Newlands, d. H. See Kay, S. A., 39 
Nicloux — dctcrmin.ition of carbon monoxide 

• in air, 262 • 

Nikaido — voluinetiic deftjffiination of sul- 
phinic acid, 374 • 

Nitohie — determination of sulphur in burnt 
zinc blende, 393 

Noaillon — determination of sulphur in pyrites, 

370 • 

Notth. See Gaidncr, 6 1 
North and Blakey— sodium bicarbonate .-s 
basis 111 acidimeiry, 52 
standardis.ition of acids and alkalis, 50 

O’Brien. See Dennis, 321 
Oddy and Cohen— potassium permang nate, 
standard, 60 

.V. Oechclhauser. See Haber, 244, 297 
Offeihaus. ^ See Lunge, 3.^4 
Oisat-’gasilifinalysis apparatus, 233, 272 
Orton and Jones — bleaching jiowder solutions, 
determination of alkalinity of, 608 
Ost — iron insaltcake, 510 
Ostwald— determination of the specific gravity 
gf liquids, Il8 
pipette, 31 

specific gravity determination by means of 
a pyknometer, 129 

Oulcault — determination of sulphur dioxide in 
air, 400 * • 

• 

Paai.^ and Hartpiann — del ei mi nation of 
hydrogen in gaseous inixtures, ^'’45 
Palmer. See Bi owning, 

Pannell — anemometers and indicators, 1 78 
Parker — fuming si^phuric acid, ^timation of, 

• 469. * • < 

See Richmds, 370 

Parnell — sinca, alumina and fe. ric oiide in 
vat liquor, estimation of, 530 
P.irr — calorimeter, 34i, 347 
Parr, W., Wheeler, W. F., and Berolzheimer, 
R. — coal determination by fusion with 
peroxide, 337 
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Patchin, G. Keane, C. A., 23^ 

Patterson — colorimeter, 182 < 

Pattinson and Dufcn-' -Marsh- Berzeliu£ test for 
arsenic, 44^ 

Pauli — nitrat^ determination of, in saltpetre, 
484 


Poole. See Hartley, 2 lo ^ /V 

fPope and Ling— beer, analysis of, Thomoe 
refractometer, 201 

^ Plats — formula for calculation of stfongth of 
fuming sulphuric acid, 460 ^ 

Price, T. S., and Humphreys, T. C. — apparatus 
for circulation of electrolytes, 108 
electrodes, 103 ' 

and Judge, G. H. JB. — rotating electrodes,'' 
... £03'^ ' 

Pawech, H. — electrodes, use of metal gauze Pringle — appara^^is for examination for oxygfe^ 

“99 ' ‘ — 


Pederson — Marsh-Berzeli' s lest for arsenic, 
,.442 ' ' C 

Pellaton, M. — chlorine, liqditT, phyi'crCl prop- 
^erties of, 619 ) 

Pelouze' and Fresenius — nitrate determination 
of, in saltpetre, 473 

Penot — available ghlorine in bleaching powder, r 
determination of, 661 ^ ‘ 

Perk'n, F. M. — gauze 'eltA.trodes, loi j 
rotating electrodes, 103 
Perkin. Se^ Goode, 445 •' 

Pcrman and John — use of borax in volumetric 
standardisation, 5 1 ,, 

Peters, Sff Goocb ^0 

Petersen — iodometric method in acldimetry, 51 
Pfeiffer, D. — determination of sulphur, in 

pyrites, 390 

Pfeiffer, R. — nitrate, determination of, in salt- 
petre, 483 _ f. 

Pfeiffer — determination of benzene' in coal gas, 

- ^ 299 . 

determination of sulphur in gas re'-iduals, 366 
determination of oxygen in gas, 301 
direct determination of sulphur, 362 
gas analysis apparatus, 281 
gas burette, 283 

Philibert, M. — bleaching powder solutions, 
determination of alkalinity of, 610 
Philip, J. C. — refractometry, 188 
Phillips — determination of gases hy passing 
over heated palladium, 255 ^ 

Pickering — caustic soda solutions, specific 
gravity of, 564 

heat of admixture of sulphuric acid and 
water, 428 

specific gravity of sulphuric acid solutions, 

434 

Pincus — calcspar in volumetric standardisation, 

50 

Pinkhoff, J. — electrometric titration, 45 
Pitfian — nitrate, determination of, in saltpetre, 
by nitrometer, 482 

Pitot — Jube for measurement of velocrity of 
gase^ in pipes, ^,73. . 

Planchon — spent acid, estimation of nitrogen 
acids in, 499 

Plimpton and Chorley — ^^jr,rium thiosulphate^ 
e use of, in iodimetYy, 72 , 

Poggiale. Leyol, 577 . 

Pollak-^estinfation of nitrous oxide in sul- 
phuric acid manufacture, 410 
Polstorff, K., and Meyer, <L — chloride, estima- 
tion of, in commercial cyanide^ 628^ 
Pontius — avmlable chlorine in bleaching 

powde^, determination of, 603 


- in sulphic-ric acid manuftiture, 405 
Proat, E. See Hassreidter, V., ?8l, 38^^ - - 
Prost and Baffl^ser — determination of fluorine 
in^zinc bl^e, 387 

Pi,i,tzCr — specific gravity #>f nitric aj:id of various 
strengths, 490 • ^ 

Pulfrich-^.'efractometei, 190 

QuiNCKF— standardisation of normal acids, 53 

r ' * 

R^BE — fuming gulphuric acid, analysis of, 
460, 46^ 

Rac^. See Ross, 305 ^ ^ 

Rao'.ilt — gas burette, 27ji 
Ralf:hig — caibonate iir/jtandard alkali, 58 
hydrazine, formation of,'n azotometer, 77 
preparation of normal hydro^lonc acid: 52 
sulphur dioxidet determiniuion of, in kiln 
gases, 397 

sulphuric acid, detennin^jtion of, by means 
of benzidine, 374, 375 

Rayleigh — determination of the intensity of 
scattered radiations, 186 
Redwood, B. — single glass'* standard in colori- 
metry, 184 ^ 

Reed — determination of selenium in sulphur, 
3^2 f, ... 

Reich— fleterminati on of arsenic in pyrites, 37c 
determination of sulphur dioxide in kilr 
gases, 394, 397 

Reichert — electneal conductivity of suga, 
solutions, 225 

Reidemeister — selenium, detection of, in hydro 
chloric acid, 522 

Reinhardt — potassium permanganate, standard 
isation of, 65 

Reinitzer — amme/nium chloride in volumetri 
standardisation, 51 ‘ 

purification of y^cliiiwi bicarbonate for use i 
' acidimetry, 48 
Rendle. See Ling, 443 
Reuter — determination of sulphuric acid, 373 
Rey — spherical floaVfor burettes, 35 
See Lunge, 463, 490 

Rhead — apparatus for the extraction an 
determination of benzene in gas, 300 
and Wheeler-jj-analysis of coal gas, 247 
Rhodes, F. — hydrocyanic acid, estimation^ c 
in presence of cyanogen, 624'* 

Richards, T. W. — ^ saltcake, separation 
calcimn and magnesium in, 
and Davis, H. S. — bomb calorimeter, 3^ 
and^jesse, R. H.— bomb calorim^fe^ 35^’ 
Richards and ParkerA-determinati^n « s^lph 
in pyrites, ijo 
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Richar^ and Well^nepheloraetric determina- Rofti, W. A., and Wallasch, H. — bomb calori- 
^icms, iSb • • I metlr, g 

Rubenstorff— ilero-pyknAneter, 126 
Riirup — hyirochbric acid, estimation of sul- 
phuri^cid in, 519 

■ Rupp, E.^nd Lgose, R. — use of methyl red as 
. indicftor, 39 § t 

Russo and Sensi — nitrate, determination of, in 
• salji^etre, 47# • 

Rust— ^tandardiiing permgriganatp by man- 
ganese oxalate, 61 

itutten. Jori^eft, 317 • • 

^ # * 

SAC^ER*-determina(tion of sulphur in pywtes, 

* 37 « •• . 

Salleron-vgas analysis apparatus, 272 
Salzer — u^e of borax in volumetric standardisa- 
tion, 51 

, Sand, Hi J. S. — aiwiliary electrode, vessel for, 
V95,97 

cre(,'<rodes for use ’^tn an auxiliary tleo rode, 
•104 

electrolyiic analysis, 92; 95, 97 
electrolytic deposition of tin in presence of 
, hydrodiloiic acid, II3 
electrometric titration, • 
rotating electrodes, 102 
;^id Ilackford — IVffirsh-Berzelius test for 
arsenic, 441 

and Smalley, W. M. — electrodes, 107 
electrolytic deposition of copper, 98 
JA^ood, J. T., and Law, D. J. — electrometric 
titration, 45 ^ , 

Sander — sodium thi isulphate, determination of, 
in presence of sulphide, 536 
Sanford. See Kinnicutt, 262 
Sanger and Black— estimation of arsenic by 
Gut/eit test, 446 
Sargent, K. — colorimeter, 182 
Sauer — analysis of pyrites, 372 
Schappi — determination of arsenic in sulphur, 
362 

See Lui%e, 528 
Schcen, 0. — electrodes, loi 
Schellbach, P.— burettes, 35 
Schilling — relative density determination of 
gases, by method of effusion, 140 
Schindelmeiser^ — selenium, effect of, in Marsh- 
Berzelius test for arsenic, 444 
Schlapfer — determination of moisture in fuel, 

330 

Schlickum — arsenic, detection of, in hydro- 
chloric acid, 520 * • 

Schlosiiig and»Grandeau — nitrate in saltpetre, 
.^Jeterminatior^ of, 473, 482 « 

and Roland — ghs analysis appara|)Lis, 272 • 

Schloesser, W. — calibration tables, 25 
table f(*r correction for temperature in volu- 
metric anal|?|is, 33 • 

*Schldtter, M. — determirration of sulphuric adok 
by m|ans Sf benzidine, 375 
Schmitt — nitrate, determination of, in Saltpetre, 
474 

Schoch, E. P., aiid Brown, D. J. — metals, 
•jparajaon of, electrolytically, 113 
Schdnrock — temperature correction in polari- 
metry, 212 


Henderson and Forbes— adiabatic calori* 
meters, 349 » f • 

^ Henderson and Frevert— adiabatic calori- 
meters, 349 
Jannascb, 369 

Richardson, F. W. — Gfltzeit’s test for^ arsenic, 

^,445.446 

hichardson and Aykroya — soda fhothef liquors, 

® estimation of sulphur in, ^35 , 

* sulphate, detejpiination of, i« crude fuse^* 

. . . • 

Ricnardt — determination of toses by passing 

over heated palladium, 25^ 

Riche, J. A. — adiabatig calorimeters, 34^* ^ 
Richey. Se^ James, 61 j 
R ichmond — borax in volumetric ikandardisa- 
*tion, 51 _ , 

specific gravity of sulphuric acid solutions, 424« 
and Merreywether — heat of adnfixture of 
* c sulphuric acid and v^ter, 428 • 

Richter— iiletermination of s^ilphur trioxide^ in 
kiln ggses, 398 • 

Thiele,^! '* 

Fffdeal and Taylor — rmparatiis for the cictcr- 
mination of carbor# monoxide in a st-4jam 
of gas, 263 % . 

Ridsdlale, C. I^^colorimeter, 182 
Riegler — iodic acid in voliftnctric standardisa- 
tion, 51 , 

nitrometer, use oj| 83 

nitrous acid, detection of, in sulphuric acid, 

431 * 

nitrous acid, estimation of, in sulphuiic acid 
manufacturet 4y 

sodium thiosulphaterj>t-iindardisation of, 71 
standard oxalic acid solutfons, 62 
volumetric determination of^sulphuric arid, 
374 

Rimbach and Woims — use of boiax, in volu- 
metric standardisation, 51 
•Rittener. See Lunge, 530, 596, 615 
Ritter, ^ee Liechti, 483 
Roberts, 11. S. — electrometric titrations, 45 
Robertson. See Gray, 340, 345 
See Burrell, 300 
Robinson. See Dunstan, 445 
Roemer — determination of swlphuric acid, 374 
Roland. See Scl.^sing, 272 • 

Roscoe and Dittmar-^rei’ijiation of normal 
hydrochloric acid, 52 • 

Rosenbaum — chlorate, determination of, in 
potassium chlorate liquors, 599 
Rosenheim and Tunnicl^fe — selenium, effect 
of, in Marsh-Berzelius test for arsenic, 445 
Rosenlecher — fuming sulphuric acid, analysis 
of, 460, 464 

Roscnthaler, L. — hydrocyanic acid, estimation 
of, 623 • 

,Ro*ss and Race — cyclopentadiene in oil and 
carburetted water g^s, 305 
Rolfeiter, €. C. — cyanide, commerq^l, estima- 
tion of sulphide in, 630 
ReJ^iter. ^See Crowther, 642 ^ o * 

^oth*-pre^^aration of ^omaal hydrochloric 
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Scholtz, M. — chlorate in bleaching solutions, 
determination of. 6i^ ^ \ ^ 

Scholtz, M. E. — niixM iMicatoDs,'40 
Scholvien — detection of po^ssiurf nitrate in 
potassium chlorate, 6l8 * 

Schranz. See Dobriner, 465„533 / 

Schreiner — colorin^tet', 182 ^ * 

Schrero — available chlorine in bleaching liquors, 
determimfvion of, 610 ^ * 

Schroder — JhiocyA«ates, estinfilion of, (t45 


Schultz, R. — available chlorine . 

*' powder, detef.ninatiofi ff, 603 _ 

Schuree, A. — table for correction for tempera- 
. ture in volumetric analysis, 33 * / 

Schwarz, H. — volumetric »n!uysis, i *, « ’ 

Sx-’ -dien — sodium carbonate, pure, |reparation 
of, 49 ^ 

Segaller. See Lunge, 535 
Seger — cones, 165, ^ ^ ^ 

micro- manometer, i 60 
SeitULr. Vanino, ^ ^ 

Selckmann — sodium j^erchlorate, estimation of, 
in saltpetre, 484 ' • 

Sensi. See Russo, 473 

Setlik — fuming sulphuric acid, analysis of, 469 
fuming sulpnuri^^ a^'id, estimation of, 468 
Seybel and Wikander — arsenic test, 448 
Seyda — colorimeter for tletection of iron, 4^5 
and Weinig — use of ammonium chlotide in 
volumetric standardisation, 51 
Shakespeare, G. A. — kathari»meter, 323 
Shearer. See Giles, 401 * • 

^ Sbl^nd, A. — cyanide, commercial, estimation of 
alkali hydroxide in, 619 
Sieber — carbon dioxide, determination of, in 
Deacon gases, 591 
Siebert. See Burrell, 300 
Siedler. Kuster, 52 

Siemens— sodium bicarbonate, hydrolysis of, 568 
platinum resistance thermometer, 152 
pyrometer, calorimetric, 166 
and Halske — tantalum wire, 98 
Sievert — nitrate, determination of, iL saltpetre, 

474 , . , . 

Silberberger— analysis of pyrites, 372 
Simeon— Pulfrich refractometer, temperature 
regulation in, 191 

Sinkinson, E. — precipitates, automatic macihine 
for washing, 19 

Sjollema and Frey tag— sodium perchlorate, 
estimation of, in salt^tre, 484 
Skirrow, F. W. — alkali ferrocyanidcs, de- 
•termihation of, 635, 638 
See Clayton, 318 ' 

Skrabal,r-iron, determinatiop of, in suljrhuric 
» acid, (-1,52 

manganous sulph^e, use of, in volumetric 
analysis, 60 f 

permanganate, standardisyng, by iron, 63, 64 
fSmalley, W. M. See Sand, H. J, S., 98, 107 * 
Smith, E. F. — use of mercury cathodes, 108 
Smith, J*. H. See Lunge, 534 
Smith, K., and Towers — gas samples, 233 
Smith — determination of telenium in sulphur, 
362 ' 

modification of Bone and Wheeler gas 
analysis apparatus, 296 


Smith. Colman, 315 ^ , 

f. See Mitchell, 373 
See Teschemacher, 372 
*’Si'?ioot — removal ^f iron from pyrites, 369 
Snell — laws of refraction of light, f 

Snelling, W. O. — platinum ^onge for filtration, 

Sdrensep, S. P. L. — methyl re^l as indicator, 39 
potassium permanganate, standard solution*’ 

bleachiijg t sodium oxalatjk as basis for acidimetry, 49, ^ 

, and Andersen — preparation of pure sodium 
^ CE^bonate, 49 • 

Sodeau, W. H.(>-gas analysis apparatus, 272, 

Sojpid'ville, C. W. — estimation of Jotal sulphur 


in gas. 312 ^ 

naphthalene, absorptibn of, 318 
yolumetric estimation of hydrogen sulppi^^ 

• in gas, 305 

Spielmann, P. E., ^d Wood, H. — alkali p^rro- 
^ cyanides, determination of, 637, 

Vnd Woo^, ’D* — cyanogen compounds in 
concentiated ammonia liqua*, 185, 659 
Spitt*a — determination of carbon* monoxide 
tmeans of iodine per>t oxide, 262 
Spifllei. See Kalmanifj 532 
Stammer, C. — colorimeter,fl83 
Stark, D. D. See Dean, E. W.- 331 f 
Stark, F. — appar&tus for dfetermination of 
chlorine, 597 ' 

Stas — nephelometric dcterr*inations, 186 
Stead — detejjmination of carbon in steel, 180 
gas sampler, 232 
Steelier, E. See Fischer, F^, 108 
Stewait. Parsons, ^42 
Stierlin. .SV^- Lunge, 369, 393 
Suxldiird, J. T. — apparatus for calculation of 
electrolyte^ 107 
Stokes— •Lolorimeter, 182 
and Cain— colorimeter for determination of 
iron, 455 

Stroof — fuming sulphuric acid, analysis of, 460' 
Strype — apparatus for examination cif oxygen 
in sulphuric acid manufacture, 405 
Stutzer — nitrate, determination of, in saltpetre, 
473 

Van Suchtclcn and Itano — electrometric 
titration, 22 ^*^ 

Sullwald — nitfate, determim^clon of, in saltpetre. 


sodium bicarbonate, analysis of, 
determination of sulphur dioxide in 


474 

Sundstrdm 

570 

Sweeney- 

air, 4C^ #. 

and Withrow — brine, analysis of, 503 
Swett, O. D. — filtration, use of solvents in, 18 

J 

TapLAY — determination of ^ases by fractiqnal 
combustion with cupric oxide*, 262 * 

separation of olefine?.' from benzene, 244 
Tarugi anci.Bianchi — determination c/i sulpHuric 
acid, 373 . 

Taurekand Griffet — analysis of sulp^m, 364 
Taylor, C. A. See Fjfcildner, A. C,,|f338 m *€ 
Taylor, J. M.-«-e!tctrolytic chlorine, 591 
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Tayloil and Davis — analysis of gases in 
ftmmonia"pxi(fttion process, 487 j 

deterrninalion of oxides of nitrogen in 
gases, 320 / • • 

Ste Gardner, 6l 
See Riaeal, 263 

Telle — determinaiion of sulphuric acid, 374 
Tempany. ^S'//kWatts?2i3 ^ 

Terres and Mauguin — deteimination of gases 
by fractional cAnbustioH with cupric 
• oxide, 261 ^ g 

*Teschemacher ^nd Smith — determination ^ 
. •'’’Iphuric acid, 372 • 

V. I'han, C.— iodine, preparajdon of ^ure, 71 


T^adwell and Koch— determination of carbon 

and el^lAmetric titration, 45 

Trotman— |Marsh-Ber“zelius lest for arsenic, 441 
TschernolAjew— saltpetre, 

■ li/te 
life. 


chli 

Timhifli 


estimation 

Rte an^ perchlorate in, 486 
^ See Roscijlielln, 444 


Twaddell— hydrometer, 119 ^ 
Tfrer— putzeit ’4 test for arsenk', 446 


• ^ » 

UlbricHT and Meissl — use of potassium 
• tetroxalate Itisis for«lkalimetry, 54* 
l^sch — nitiate, dc^^'rmination of, in saltpetre, 
44 74 . 476 


ition L ^ ^ 

potassium bi-iodate in volun^iicstandardisa- # Utesdbe^-soduJfn* bicaibonate, detection of 
•-> thi<4fyanatc in, 569 


tion. 51 ^ ^ 

Thiel— determination sulphur in zinc “blende, 

■ 383 I 


^ee Kuster, 368 

*rhiel 


*rTiiele, C. See Fischer, F., 108 
Thiele and Deckert — carbon dioxMe, licjuid. 
examination of, 575 • • 

permHiganate standardisation with iron wire, 
64, • •* * 

and Richt«r— use of calcspar in acid im Ary, 5 1 
^hole — preptiration of conductivity wate^ 219 
Thomas, C. C. — aneff'^meter, elec trie, 1 7# 
Tliomas, J. S. (4 — physical meaiuicments 
^emplcryed in technical analysis, 116 
See KeaneT^. A., 229 • 

Thomas— dctermmatjpn of gases by explosion, 

255 • 

Thompson, L. — caloiimeter, 340 
Thomson, R. T. — use of mcllfyl red as in- 
dicator, 39 

Thomson, W. —^Marsh - Berzelius test for 
arsenic, 441 * 

Thorpe— deteimination ofkirsenic in iuel, 338 
temperature control in refriutometry, 201 
Threlfall, R. — micro-manomcTer, i7Ji 

relative density of gases, determination of, m 
Thwing — pyrometers, total radiation, 162 
• Tillmans and Ilcublem— sodium bicaibonate, 
hyi^rolysis of, 568 

Tingle, A.— pocket spectroscope for titr.ition of 
turbid or coloured solutions, 44 
See Babington, F. W. 

7'itoff — determination of sulphur dioxide in 
gases, 320 • 

Tciplcr— micro-rjwnometer, 171* 

Topf— sodium thiosuy»hat^ normal, 71 
Tower — nitrate, deternrination of, in saltpct«e, 
by nitrometer, 482 
Towers. See Smith, K., 333 
Treadwell— carbon dioiyde, deteimination of, 
in electrolytic chlorine, 594, 595 
copper, determination of, Tn pyiites, 381 
iron method for standardising peimanganate, 
62, 64 • 

Marsh-Berzelftis test for arsenic, 442 * 

•jwtassium permanganate, standard, 60 
saltcake, separation*of calcium and mag- 
• n^siumin, 512 ^ 

sodium thiosulphate, standardisation of, 
•• 70 j 7 ii 72 , ^ ^ 

and •tl^ll— nitrous ol^ide .determination, by 
coAbustion with carlftn monoxide, 320 


Vamossy. See Bertrand, 4.^4 
Vaninc#— available chlorine in bleaching 
* powder, deteffni»ation of, 605, 606, 607 
permanganate s*uflardisation, tiiti»meter 
^ method, 66 

and Scittei — standatffisation of acids and 
alkalis, 50 

Vaubcl — deteimination of sulphuric acid with 
* benzidine, 374 mm ^ 

Veley and Manley — specific gravity of nitric 
acid of various sttengths, 490 
Venable— iron, detection of, in acids, 432, 521 
Venator. See Isbert, 513 
Vernon — fuming^sulphuric acid, apiiaratus for 
, weighing, 464 

Verwer and Gi oil— electrolytic deposition of 
iron, 64 * 

Vilstriip— analysis of pyrites, 383 
Vogt. . 5 V<" Lauth, 165 

Voglheir — nitrate, determination of, in salt- 
[letie, 478 

Volhard — estimation of chlorides in acid 
solution, 74 

iron, deteimination of, in sulphuric acid, 

potassiljim permanganate, iodometric 
standardisation of, 65 

Wagner, J, — manganous sulphate, use of, in 
volumetric analysis, 60 
potassium tetroxalate as basis for alkali- 
metry, 54 

thiosulphate, potassium bichromate for 
standardising, 7 1 
Wagner, P. — azolomeler, 75 

Schlosing-Gr.indeau method of dAermipiation 
of nitrate in saltpetre, 473, 482 
Wqidcr, A. E. .SVf’ Lander, G. D., (^2 
Widkei - -sodiun# thiosulphate, stimJardisatiork 
of, 71 * 

WallancV-£>altcake, estimation of calcium in, 

511 . • 

» Wallasch, H. . 5 ^^ Roth, W. A« 351 • 

Walpole, G. ^.—electrometric titration, 45 
indicators, 40 • • 

Walter, II. .SVc Wegseheider, R., 551, $65 
Watkin— recorder^for temperature measure- 
•ment, 166 

Watson— determination of sulphur in pyrites, 

389 
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Watson— measurement of pressure on explolion 
of gaseous mixtures, i6^ j I i 
vat waste, determirfati/n of jjwailable soda 

in, 537 Ml. 

Watts and Tempany — saccharimeti* readings 
of normal sucrose solutioys, 213V* 

Weaver and Weibi^— ^as analysis »)pa aVis, 
electric, 325 

Wegscheider, tx., and Waler, H.— sod?am 
carbonate and*|iydroxide %^iutions, 'fpecific 
gravit/of, 55i> S^S 
Weibel. Seg Weaver, 325* 

Weinhold — lead test blijck for mercui^al 
^thermometer, 150 « » ^ 

Weinig. See S^da, 51 * •*' * • « 

W''’ss, L. Treadwell, W. D., 45, 

V. VV Asse. See Dutoit, 225 f 

Weisser, F. — fuel analysis, determination of 
ash, 332 * 

Wells — potassium tetroiiaiate as basis Ibr 
^.kalrmetry, 54 ^ 

See Richards, 186 * 

Wengers — calorites iU temperature measure- 
ment, 166 

Wentzel — analysis of sulphur, 364 ^ 

Westmoreland -♦-Je^rmination of copper in 
pyrites, 381 * 

Whatmough. See Leant 71 .. 

Wheeler, W. F. Parr, S. W., 337 

Wheeler — measurement of pressure on explosion 
of gaseous mixtures, 16^ 

See Bone, 285 • , 

See Burgess, 252 

Ste Rhead, 247 , 

Whipple — pyrometers, electric resistance, 

indicator for, 154 
pyrometers, thermo-electric, 158 
pyrometers, total radiation, 162 
Wibaut, J. P.— determination of gases by 
fractional combustion with cupric oxide, 262 
Wiborgh — thermophone, 166 
Wikander. See Seybel, 448 
Wilbauer — cyanates, estimation of, 6(9 
Wildenstein — determination of sulphuric acid, 

372 

Wiley— saccharimeter readings of normal 
sucrose solution, 213 

WilfahVth — nitrate, determination of, in s^ilt- 
pctre, 473 

Williams, H. E. — alkali ferrocyanides, deter- 
mination of, 637 
cyanogen compounds, 621 
fenjocyanide, estimation of, in spent oxide 
of iron, 654 • 

Williams^ P. C.— thiocyanate gas liquor, ^5 
.Williams, P. E. — thiocyan^ate, commercial, 
preparation of, 6^2 

Williams — ferrocyanide, determination of, in 
spent oxidf of iron, 652 ^ 

Wilsing — detepninatioa of Sulphuric acid, 373 
Wilson, A. — colorimeter, 183 * 

WindauSi* »SV<f Autefirieth, 533 * 

Wing. See Jackson, L., 493 
Winkler, A. — electrodes, ufe of metal gauze 
in, 99 • 

Winkler, C. — analysis of gases by passing 
over heated palladium asbestos, 256 


Wkikler, C.— apparatus for estimation oflojjprgen 
I in sulphuric add manufacture, 4Qg • 

modification of Hempel pipette, 257 

* preparation of pi.ire oxalic acid, 53 « 

ratio between chlorine and hydroqjiloric aci^ 
in Deacon process, 587 

Winkler — ammonia, determifiation of, in water 
by I^essler’s methoU, 179 
available chlorine in bleaching powder, deter- * 
nfinatiof. of, 603 ^ . , 

, burette for gas^nalysis, 265 
^ fuming sulphuric acid, analjjfis of, 460 
fuf.iing sulphuric acid, apparatus forr»^ 
in^, 462 * 

gases, analyf^ of, by passing over heated 
•(palladium, 255 ^ 

iodine, pure, preparation of, 70 
nitrate, <^eterminatioi> of, in saltpetre, 4^5, 
r 480 r, j 

* lutrogen acids, detection of, in sulphuric 

acifi, 432 

* nitrous oxide, efiimation of, in sulphuric 

^ acid manxf^cturc, 409 
Wir,!eler — erSorates, determination of, in 
Ifieaching solutions, 612 • 

so4ium perchlorate, estimation of, in salt- 
K petre, 484 ^ 

specific gravity of nitrh acid of various 
strengths, 490 » 

Withrow — determination of sfilphur dioxide 
in air, 400 , 

See Sweeney, 503 ,, 

Wdber — sodium sulphite and thiosulphate, 
deteimination of, 536 
Wolff — analysis of sulphur, 364 
Wolff, G. See Lehman, F., *^39 
Wood, H. — cyanogen compounds in con- 
centrated amn^nia liquor, 659 
See Spielmanru P. E., 185, G37, 653, 659 
Wood, KT. Sand, H. J. S., 45 
Worden and Motion — tables of specific gravities 
of sulphuric and hydrochloric acids, 53 
Worms. See Rimbach, 51 
Wright, L. T. — gravimetric estimation of 
hydrogen sulphide in gas, 304 
Wuyts — spent acid, determination of nitrogen 
acids in, 499 

Yoeman, E. W. fSee Coleman, H. G., 637, 
652, 657, ^9 

Ybung, S. W.-,stan» 4 ardisation of iodine 
•. solutions, 68 

Younger — ratio between chlorine and hydro- 
chloric acid in Deacon process, 587, 588 

ZalozieckT — sodium ferrocyanide in vat 
liquor, 529 

Zehnder — specific gravity of solids, 146 
Ziegel — electrometric tit'ation, 225 
Zimmermann — potassium permanganate and 
hydrochloric acid, interaction (Jf, 60 « 

Zulkowsky — sodium fetrocyanide in vat liquor, 
estima^ijon of, 529 ^ * 

soluble starch, 68 

sulplvjir from gas residuals, 364 ^ V 

thiosulphate, «pot^sium chropaf^ « foiV 
standardisifcg, 7 1 
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Absorption coefficients of 
240 


in water, 237i 

Acetylene, (determination of, in coal gas,f30fi) 
determination of, in •gaseous mixtures, 241, 

247 % 

^ 4®^€™ination of hydrogen phosphide in, ^20* 
Acids : nitrating and spent, 498 • 

iMrmal, strength of, 55 ^ ‘ ^ 

s* fld^d, 46 

Air : derermination of sulDhiir*diQpde in, 

Alkali liqiors, electrolytic, 544 
waste, 537« , 

Alkalis, standard, 56 ^ • 

Ammonia : determination of, by azotometik-, 75 
determination of|in gas, 312 • 

dfterminati^ of, in gaseous mixtures, 241, 
247 ^ . * 

determination of, in*water, 179 
liquor, concentr*ted, estimation of cyanogen 
compounds, 659, 660, 661^ 

Ammonia-soda process, 541 
Ammonium chloride or sulphate as standards 
for acidimetry, 5^ 
thiocyanate, standard solution of, 74 
thiocyanate. See aho Tniocyanates 
Analysis, chemical, technical i|ethods of, i, 3 
electrolytic, 92 • 

solutions for, 112 

technical, jihysical measurements in, 116 
* volumetric, 20, 34, 37 
Analytiaul results, calculation of, 89 
Anemometer: Fletcher, 175 
hot-wire, 178 
Pitot tube, 173 
Anemometers, 173 

tables for the reduction 8f leadings of, 176, 

177 • 

Areo-pyknoraeter, 126/ •> 

Arsenic : detection of, Bettendorf test, 448 • 

Gutzeit’s test, 445 
Marsh-Berzelius test, 434 
Reinsch’s test, 444 • 

in hydrochloric acid, deterjnination of, 519 
in pyrites, determination of, 366, 376 
in sulphur, determination of, 361 
in sulphuric ajid, d^ermin^tion of, 433, 455 
Aj^senious acid, "standard solutions and iodo- 
^ metric determination of, 72 

Atomic weights, international, 91, 679 
AAtomeffcr, 75 • 

jjydroxide, standard, 54. 57, gC 
^ thiosulfjhate, use of, if^ iodimetry, 72 
Baum^ hydrometer and seal!, Mo 


Ber^en^ determinafion of, in coal gas, 298^ 
det^n*1nation o^,hi gaseous mixtures, 241,2^7 
Black ash, examination of, 524 
Bleaching powder, available chlorine, de- 
termination of, Bunsen’s distillation 
. lliethod, 6q^ • 

Bunsen’s iodomefric method, 602 
^Gay-Lussac’s nIfetTiod, 601 * • 

Tunge’s method, 

Peno(*s method, Go![ 

Pontius’ method, 603 
t Vanino’s method, 606 

chlorine value of solutjiiiiKofvboi ^ 
determination of carbon dioxide in, 608 
<inanufacture of, 596, 600 
Bleaching solutions and liquors, analysis of, 
6io 

alkali hydroihde and carbonate, 617 
• alkalimty, 608 

bases, 617 s- 

carbonic acid, 615 
chlorides, 612 
chloric-chlorine, 614 
chlorine, available, 610 
hypochlorous acid, free, 61 1 
Boiax as standaid for acidimetry and alkali- 
metiy, 51 

Brine, analysis of, 50 1 > $02 
Burettes, .34 

calibrawon of, 28, 30 
g^s, 233 

Calcium carbonate, analysis of, 581 
thiocyanate. See under Thiocyanates 
Caiespar as basis for alkalimetry and acidi- 
metry, 50 

Calibration of apparatus for volumetric 
analysis, 20 

tables, 23, 24 ^ 

Calorimeter : Berthclot bomb, 347 
Gray’s, 345* 
hfcrooker’s, 347 
Parr’s, 341 ^ 

W. Thompson's, 340 
Calorim<^er, gas ; Boys’s, 352 
Calorimetry, fuel%340 • 

Carbon ; dete^ninatiern of, in p3frites, 382 
determjpation of, in steel, 180 
Carbon bisulphide, determinatidn of, iTi gas, 307 
Carbon dioxide in Deacon process, examination 
of, 590 9 

determination of, in electrolytic chlorine, 592 
in presence of chlorine, 615 
in gas, 302, 321 
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Carbon dioxiae m ueacon process, deternAna- 
tion of, in gaseous mix^ra-, 2431 247 
determination of, b^' Hfsrapel^ apparatus, 268 
liquid, examination o^ 573 
Carbon monoxide, determiif.ition W, in gas, 

303 \. 

determination ol^ in gaseous mix^ii^'^i'' 543, 
247, 250, 261 ^ 

determinatiori^ of, by Heiapel’s apparjfius, 
268 t t 

determination of, by means of iodine pent- 
t oxide, 262 ^ * 

Cathodes, mercury, use oL 108 
Caustic soda. See under *oda « 

Cefl, electrolytic, for use w^tlwnercurr qntfiode,v 

. . . 

Chaitibor acid, examination of, 41 1 f 
gases, examination of, 403 
Chance-Claus sulphur recovery procesf, 538 , 

Chimney gas, analysis of, 2*/7 * 

Chlojatei, determinati.^» of, in bleacVIng 
solutions, 612 « 

Chlorine, available, "tts bleaching pfwder, 600, 
610 

determination of, in gases in bleaching^ 
powder %. anufacture, 596 
indusfry, 576 * 

control of working tonditions, 583 ^ 

liquid, physical properties of, 619 
table of vapour pressure and specific 
gravity of, 620 

manufacture : Deacon process, 586 ^ 

determination of carton dioxide, 590 
•determination of moistpre, 591 
percentage of hydrochloric acid g;as before 
entering the decomposer, 5^9 
ratio between free chlorine and unchanged 
hydrochloric acid gas, 587 
manufacture, electrolytic, 591 
manufacture of, by means of manganese ore, 

583 

manufacture, Weldon process, 576, 584 
examination of lime, 581, 582 f 
examination of manganese ore, 576 
Chloro-sulphonic acid, 469 
Coal. See under Fuel 
Coal gas, analysis of, 247 

See H'lso under Gases ^ 

Colorimeters, 181 
Colorimetry, 178 

Copper, determination of, in pyrites, 379, 392 
Copper sulphate, electrolysis of, as basis for 
^idimetry, 51 

Cuprous thiocyanate, analysis oG 647 
Cyanates. 648 ^ 

, detection and estimation off 649 
Cyanic acid, 648 * 

Cyanide, commercial, analysis of, 6261 > 
determinatioij of, in conc^trated ammonia 
* liquor, 659 • ' * 

Cyanides, alkali, determination 6f, 624 
detection of, ^22 ‘ • 

double, estimation of, 625 
estimation of, in gas liqu<^, 658 
estimation of, in present of ferrocyaniies, 
626 

Cyanogen compounds, 621 


Deacon process for chlorine manufaettr^ 586 
. determination of carton fiioxi 3 e, 500 ^ 
hydrochloric acid, 589 
« I; moisture, 591. 

ratio between cnlorine and hydrochloric acW 
gas, 587 

Dilatometer, 135 •* 

2.5-Dinitrohydroquinoiffe : as indicator, 40 
Dionic water tester, 226 

. r ' 

^ Electrodes, 9> 97 
, auxiliary, electrodes for use^dth, 104 
dfsconrjecting and drying of, i«0 
rotating, T02 f 
stationary, 9ff 

El^ctftMytes, circulation «f, 102, IQ.7 
coefficient of ionisation of, 223 
specific (fenductivity 5 f, 220, 222 
I Electrolytic analysis, 92 
* conductivity, measurement of, 215 
^ measurement pf, by Kelly electron^tric 
apparatus, 227 ^ ® 

r measu’-^jineflttof, by Dionic water tester, 
" \ 226 ‘ * 

Electrometric titration, 44 * 

Kthrftie, determination o^ in gaseous mixtures, 
«244, 247, 251 « 

Ethylene>i determination c*, in gaseous mix- 
tures, 244, 247^ • 

Evaporation, 15 

Farrics, colorimetric analyfis of, 185 
Fenicyanidci*, detection and estimation of, 639 
and ferrocynnides, separation of, 640 
Ferrocyanides, 630 * 

alkali, commercial, exfmination of, 638 
determination ^f, 630 
determination of, as hydrocyanic acid, 635 
determinant n of, by oxidation, 631 
deteftnination of, by titration with metallic 
salt solution, 632 

estimation of, in concentrated ammonia 
liquor, 661 

in gas liquor, 658 * 

in spent oxide of iron, 652 
and ferricyanides, separation of, 640 
Ferrous ammonium sulphate, standardising 
permanganate^by, 65 
Filtration, l6 ^ 

Flasks, calibration of, 26, 30 
Fuel : analysis, 32^ ^ 

determination of ash, 332 
arsenic, 338 
calorific power, 340 
carboncnd hydrdgeii, 338 
moisture, 3291 
nitrogen, 338 
phosphorus, 338 ^ 

sulphur, 335* c 

volatile matter and fixed carbojji, 334 
gaseous, calorific valpe of, 352 
samplingjfor analysis, 327 

GAS’an^ysis apparatus, 235, 263 
automatic!, 3V • 

Bone and )Vlieeler’s, 285 



INDEX (JF SUBJ^TS ^ | 


699 


s#ililysi 3 appa)|ilus, electric, 325 
Fis4ier’s,*272 * 

Haldane’s, 289 
Hrtnpel’s, 264 / 

Jaeg«r’s, 2*93 
katharometer. 323 
Lunge’s, 27* ^ 

Metrogas,%95 
Orsat’s, 272 

> Pfeiffer’s, 281 ^ 

Simmance’s Combustior^Recorder, 321 • 
Sodeau’s, J^6 • 

iwlR^sis ; •orrection of volume f<y ten1\iera- 
ture and pressure, 235^ * 
by direct absorption, 240(^41 ^ 

by indirect detewaination, 240, 248* • 
sampling in, 230 * 

table for correction of gaselus volumes 
measured moist to standard conditions,# 
239 

p technical, 229 ^ 

oufet^ : Bunte’s, 278 
Honigmann’s, 280 « * 

Pfeiffer’s, 283 
Winklefs, 265 
calorimeter, Boys’% 352 
liquor, 656 • # 

estimation of llyanide in, 658 • 

•estimatiai^of ferrocyajiides in, 658 
estimation of thiocyanates in, 657 
tliiocyanate, 655* 
residuals, sulpfftir from, 364 
sampler: Huntly’s, 234 * • 

Stead’s, 232 
-volumeter, 83 * 

table for conveii^ng volumes obtained in, 
into weights oT constituents, 88 
-volumetric analysis, 74 
Gases : absorption coefficients of, in water, 
237, 240 ’ • 

changes in volume of, by combustion, 248 
analysis of, by combustion, 248 
by means of palladium, 255 
by •means of platinum, 257 
by fractional combustion 111 the piesencc of 
cupric oxide, 260 
determination of acetylene, 300 
ammonia, 312 
benzene, 298 * 

carbon bisufpludc, 307 * 

carbon dioxide, 3^2, 3#i 
carbon monoxide^ 303 • 

ethylene, 297 
hydrocyanic acid, 314 
hydrogen sulphide, ^03 
naphthalene, 315 « 

oxides of nitrogen, 319 
oxygen, 301 

sulphur dioxide, ^20 • ^ 

f sulphur by Referees’ method, 308 
tar-fof, 318 
total sulphur, 30^ 

gravi^metcr for relative density, determina- 
tion of, 144 

•Lu% fcalance for specific ^ravi^iy deter- 
• m^ations, 143 • • 

pressure and draught measurement, 167 


Gases, relative density of, 136 

deilrmin|ti(y af, lao, 142, 1 44 
specific graii'ity b?^ for, 142 
table o^ensiries of,' 138 
velocity of, in pipes, 173 
GajtLilyac aci^j, examinarion of, 412 
G 4 olef ircid, examinaticin 412 

• <1 

IIyD|DCUL 01JIC acid, analysis of, 518, 5^2 
arsenic, 519 ^ • 

• chlorine, 522 , 

% iron, 521 

reydue, 518 ® 

•s^f^ium, 5,^2 
sulphuric acid, 518 
sul^urous and arsenious acid^ 
determination of, in gaseous mixtures, 244 
manufacture of, 514 

• exit gases, exum^iiaticti of, 514 

^ Hargreaves’ pr^c/^ss, 516 ^ 

n^^hial, preparation and standaidisation of, 52 
specific^ravity of s^^Ji^ons of, 517 

Hydrocyanic acid, detection of, O22 
determination of, in gas, 314 
• estimation of, 623 ^ 

in presence of cyanf.^, 624 ^ 

IjLydrogen, determina'ion of, by absorption with 
palladium, 268 

determination of, in gaseous mixtures, 244, 
247, 250, 261 

Hydrogen* peroxide, use of, in volumetric 

• standardisation, 51 

Hydrogen phosphide, determination . in 
acetvlene, 320 

HydrogeV sulphide, deteimination of, in gas, 

303 

Hydrometers, 118, 126 
calibration of, 128 
special forms of, 126 
temperature correction for, 126 

iNDlCAlJlRS, 37 
application of, 4 1 
litmus, 39 
methyl orange, 39 
methyl red, 39 
^nixed, 40 
phenolphthalein, 40 

Iodic acid, use of, in volumetric standardisation, 

. 51 

lodimetry, 69 

Iodine, pure, preparation of, 70 • , 

standardis.g.ion of, 68 

locjpmetric method in volumetric standardisa- 
tion, 51, 65 1 * . 

Iron, for permanganate%tandardisftion, 62 
in py^tes, determination of, 392 
in sulphuric a^id, determina^on of, 432, 453 

Katiiarom^er, 323 ^ * 

Kelly electrometric titration apparatus, 227 
Kiln gases, examination of, 393 

I 

Le-Ad, determination of, in pyrites, 381 
Leblanc soda process, ^24 

I. imp. for chlorine industry, examination of. <82 
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Limestone for Weldon process, i^xamination^f, 

58^ . • ^ I b • 

carbon dioxide, 582 • // 
insoluble matter, 581 * 
iron, 582 
lime, 581 

magnesia, 581 \ | 

Liquids, coefBciejts of expansion of, 134 
det“rminatiorf' of optical rA^ory p.oyver ^f, 

Litmus : as indicator, 39 ^ 




ESE ore for Weldd}'i process, e^amina- 

of) 576 • » • * \ 

ination of active oxygen, 577 « 


Manganese 

Vion of, 5 ^ V. ^ ^ , 

^termination of active oxygen, 577 ^* 
t?C’>?n^dioxide, 380 I 

moisture, 577 

hydrochloric acid necessary for decon-^wsition 
of, 580 « , •- • 

Mangane^ oxalate, staid^rdising jierman^n- 
ate by, 61 ** 

Manometers, 167 ^ 

Metallic salts, electrolysis of, 92 
Metals, electrolytic separation of, 112, 114 
Methane, detern^^ation of, in gaseous mixtures,* 
247,^51, 261 • 

determination of, by H ^mpel’s appaiatus, 2^0 
Methyl orange ; as indicator, 39 
Methyl red : as indicator, 39 
Micro-manometers, 169 

Mohr litre, 1 18 • • ^ 

Naphthalene, determinat^n of, in gas, 315 
Nephelometry, 186 g 

Nitrate in saltpetre, determination </473 
ignition method, 475, 483 
Lunge’s nitrometer method, 480 
" Nitron ” method, 475 
Schlbsing-Grandeau-Wagner method, 473, 
482 

Ulsch-Bdekman method, 476 
Nitrating acids, examination of, 497 f 
Nitric acid, 489 
analysis of, 494, 496 
chlorine, 496 
iodine, 496 

metals, 496 • 

nitrogen peroxide, 494 
sulphuric acid, 496 
total acidity, 495 

determination of, in spent acid, 498 
manrifactfire, 470, 486 

ammonia oxidation processesf 487 
specific, gravity, effect of nitrogen perojlde 
• on, 403 ^ 

specific gravity of, arvanous strengths, 490 
and sulphuric acid, mixtures of, 497« 

Nitric oxide, i?etermination^of, in gaseous 
m mixtures, :;45 * 

Nitroferricyanides, 6<^i ^ •’ 

Nitrogen, €eteni:ination of, in gaseous*mixtures, 
263 

estimation of, 76, 78 
Nitrometer, 78 
Nitron, 475 » 

/Nitroprussidcs, 641 


I^BJECTS ' * , 

f • 

Oil, coloi^etric analysis oL 18^ 
determination of ash in, 334 . 

* determination of sulphur in, 336 
®lfi|im. See Sulpl^uric acid, fuming 

Oxalic acid : as a basis for ucidijtietry an^ 
alkalimetry, 53, 54 
normal, 54 • 

pure, preparation of, ^4 § 

standardising permanganate by, 6a 
jitratiejn of,* by^ me&ttrement of electrij#] 

^ conductivijiy, 22$ ^ 

t^xide of iron, %pent, examinat^n of, 650 

Cetermination of ferrocyanidq in, v'jm 
Oxygen, Active, m manganese ore, determina- 
tion of, slfj 

determination of, in coj^l gas, 301 
determination of, in gaseous mixtures, 245, 

247 # > 

« determination of, by Hempel’s apparatus, 

• 

PermaN(?ANATE. See Potassium permanganate 
Vhenol sulphophthafeins : as indicators, fo® 
Phepol tetrachloioyhthaleins : as indi&tors, 40 
PAe*^' ’phnialtin : as indicator, 40 1 

Pipettb, Ostwald, 31 4 

Pipet^s, 36 

calibration of, 27, 28,4|!¥) 

Pitot tubf, 173 I 

Polarimeter, Duboscq, half-shad^', 205 • 

Schmidt and Haehsch, 207, ro9 
tubes, 21 1 
Polarimeters, 205 
Polarimetry, 202 
clarifying agents for use in, 214 
temperature corrections in. 212 
Potassium bi-iodate, as basis'for acidimetry, 51, 
54 

chlorate, analysis •jf, $99, 618 
detection of notassium nitrate in, 618 
maniii’actui'e, 598 

Potassium ferrocyanides. See under Ferro- 
cyanides 

hydrogen tartrate as basis for acidimetry, 54 
hydroxide, standard, 58 « " 

permanganate, standard, 59 

standardising by ferrous ammonium sul- 
phate, 65 

ferrous oxalate, 61 
iron methodf 62 
manganwe oxalate, 6?* 
oxalic acid, §2 \ 

« potassium tetroxajate, 6l 
sodium oxalate, 60 
Vol hard’s iodimetric method, 65 
tetroxalate, use of, a basis for alkalimetry, 
54 

thiocyanate. SA; under Thiocyanates 
Precipitation, 16 

Propylene, deteijninatUm of, in gaseous 
• mixtures, 247 * 

Prussian blue. . 9 (?^ Ferrocyanides * 
Pyknometer, use of, 1281 
Pyrites, analysis of, 366 
copper, 379, 392 

detbriT|ination of alkaline carbonatej^, ^045 , 
arsenic, 3^6 
carbon, 38:^ •’ 
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Pyritel, determination of iron, 392 


I 


lead. 381*, • 

moisture, 366 • 

sulphur, 366, 389 
^ zinc, ^8 1 • 

distinction between ordinary and magnetic, 

383 • ^ 

Pyrometers, 15% 166 • 
electric resistance, Ka 
"wCallendar recorded for, 15 3i • 

^ftVhipple indicator for, i ^4 
radiation, optipal, 163 • 

thermo-electric, 156 
Wanner, 164 


(JF SUBJ^S 

* t • 

Sciia, caustic, |€4 
analy^^s of, I66 
• electrolyf!cftq#Dr 
manufactuift 
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causyt bottfms, 543 
caui^ised liquor, 542 
, salts® 542 9 

lime mud, 543 ® ® 

sampling, 56% 
sol^tibns, sj^r. of, 564 • 

Soda of the celmlose industry, crude fused, 544 


€oda crystals, 563 • 

lift, 


use of, 


volumetric 


: Li^e. 


See ^ifne 


•rIfracTIVE index, measurement of, 188 • 
Refractometer, Abbe, 193 • 

liilyro-, 194 • 

dipping or immersion, 196 , 
interfer|nce, 198 * < 

Pulfrich, %9o 
^Thomoe, Joi 
Refractometry, 189 
temperature consol in, 201 ^ 

• ••• 

Saccharimeter, control tube for, 212 
Laurent, 206 ^ 

Soleil, 206 • 

Salt : analysis of, 505 • 

calcium and magnesium, 508 
chlorine, 507* 
insoluble raatlerft5o7 
moisture, 506 • 

sulphuric acid, $07 
rock, 505 
-works, 501 

Saltcake : analysis of, 509 
• aluminium, 513 
■minium, 510 
free acid, 510 
iron, 510 
magnesium, 511 
sodium chloride, 510 
sodium sulphate, $13 • 
manufacture o^ 501 1 5^9 • 

Saltpetre, Chili, 470 ^ ^ 

assay of, 471 ^ • 

determination of nifratc in, 473 
estimation of chlorate and perchlorate, 484 
chloride, chlorate, gnd perchlorate, 48G 
amples, taking, 4-12 * ^ 

grinding, 12 • 

leger cones, 165 

elenium, effect of, ir^ Marsh-Berzelius test for 
arsenic, 44II. ^ • 

lilver nitr#te, standard solutions of, 73 
loda ash, 548 • 

•analyms of, 556 _ ^ 

estimation of available alkali in, 551 
Examination of, 554 0 * 


valffatTon ot, 552 • , 

See al 5 % Sodium carbonal* 


Sodium, metallit, 
st^dardisatio^ 51 
SoAyp ^icarboaa^, 5G8 
anj^sis of, 5^ 
as ]|^sis in acidimctry, 52 
estimation of total carbon dioxide m, 570 
carbgnate, analysis of, 554, 556 

♦ carbonate, detefliog of, ili bicarbonate, 569 

<^irbonate, manuf^Jpre of, 524 ^ ^ 

^^mmonia-soda process, 541 

Chaiiec - Claus 5JiiJf!?hr recovery process, 
538 

Leblanc process, 524 
carbonated liquor s, 53^ 
soda mother liqiiW^V^I ^ 
vat waste, 537* 
vat liquor, 527 

carbonate, pure, examination ot, 561 
carbonate solutions, sp. gr. of, 549 
carbonate as ^tandaid for acidimetry and 

* alkalimetry, 47 
See also Soda ash 

chlorate, estimafion of, in saltpetre, 484 
chloric^ 500, 505 
analy^s of, 505, 509 

calcium and magnesium, 508 
chlorine, 507 
insoluble matter, 507 
moisture, 506 
sulphuric acid, 507 
sp. •r. of solutions of, 501 
cyanitte, manufacture of, 621 
also Cyanides, alkali 

ferrocyanide in vat liquor, estimation of, 529 

hydroxide, standard, 57 

nitrate. See Saltpetre, Chili » 

*oxalate as basis for alkalimetry, 49 
standardising permanganate by, 6l 
perchlorate, estimation of, in saltpetre, 485 
sesquicarbonate, 572 

sulphide, sulphate, and sulphite, in soda 
mothe^' liquors, estimation of, 53^ 
Uiiocvanate. See under Thiocyanates 
miosulphate, §9 * 

in soda mother liifuors, determination 

^2, 536 

Solution, 15 , 

Solutions, norm 3 lf 45 ^ ^ 

Specific condictivity of solutions, 216 
Specific gravity, determiftatiojj of, Ij6 
determination of, by flotation method, 131 
determination of, by means of the pykno- 
meter, 128^ 

determination of, by method of sinker, 131 
of solids, determinaflon of, 145 . 


if, 
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' . ’ * *8 

Specific gravity, table for thel^onversion Cof, 
into rational Baum^ degreel , I24| 

Specific resistance, siQT’ / t * 
comparision of, 221 * 

Specific rotation, measuremerf of, 2^2 
Starch solution, preparation of, 68 V, 

Steel, determinatioAk of carbon ‘in, 18^ , / 
Sulphite liquors fof ^lood-pulp manufacture, 
examinatiof(*of, 402 ^ 

Sulpfiftes : determination of, 4^' ' ^ 

Sulphur ; analysis native, 3^ 

Qhance-Claus recovery process, 538 * 

determination of, 362 • 0 

arsenic in, 361 ^ 

^ish, moisture, and bituminous s^ilojtjAices ^ 
in> 360 » 

in, 362 } 

determination of, from gas residuals, 364 
determination of, in pyrites, 366, 389^ 
in soda mother liquors, 3.31 ♦ 

ii^ziqp blende, 383, * 

flowers of, 364 

sp. gn of solutions^*,'’, in carbon bisulphide, 

363 

Sulphur dioxide : determination of, in air, 400 
in gas, 3204^, 
in giSeous mij^ifs, 247 
in kiln gases, 393 . 

liquid, 401 ^ 

Sg/ also Sulphurous acid 
Sulphur trioxide, determination of, in kiln 
gases, 398 • , 

Sulphuretted hydrogen, determination of, in 
gaseous mixtures, 247 ^ 

Sulphuric acid, 416 
l^oiling points of, 428 
determinatibn of, 367, 372, 449 
determination of ammonia in, 432 
determination of arsenic in, 433, 455 
Bettendorf’s test, 448 
Gutzeit’s test, 445 
Marsh-Berzelius test, 434 
Reinsch’s test, 444 • 

determination of hydrochloric acicT in, 430, 


^ubIects 


kiln ^ses, examination of. 


Sulphurfb ^cid manufacture, examination of 
acidl in, 405 * / ** 

* nitric oxide, 408 ' 

ft nitrous oxide, ^09 
oxygen, 404 
manufacture, 403 

loss of sulphur, 4^10 « 

works acids, examirtation qf, 41 1 
jpieltin^ points of, 429 
l^ind nitric aciri, mixtuf^s of, 497 
normal, preparation and standardisation 01,^ 

52 - ^ 

*sp«gr. of, 416 ^ 

influeiice of temperature on, 425, 427^ * 
Sulphurimeter, 

'Sulphqrfcus acicr: k 

*393 

manufacture, 358, 388^ 

^ solutions ^f, 400 

' 1 ‘EMPERA'fURE, measurement of, 147 
Vemperatures, stan#,ard thermoclynamic^sffile 
of, 148 „ « 

Tester;' , 

A nerniomelers, mercurial, 149, 159 
plaHnum resistance, 152 • 

an<rthermometry, 149,* 

Thiocyanate gas liquor, 65 5| 

Thiocyanates, 642 * 

detection of, 642 t 
commercial, analysis of^ 646 
estimation of thiourea in^ 647 
estimation of, in concentrated ammonia 
liquor, tCo 

estimation of, in gas liquor, G55, 657 
estimation of, as cuprous thiocyanate, 645 
estimation of, by oxilhtiou with perman- 
ganate, 645 # 
estimation of traces of, 646 
estimati^p of,“’#olhard’s method, 643 
Tintometers, 18 1 

Vat liquor and waste. Sie under Sodium 
carbonate . ^ 


hydrofluoric acid, 432 
iron, 432, 452 
lea 4 , 432, 452 
nitric acid, 451 
nitrous add, 430, 449 
selenium, 432 
sulphurous acid, 430, 449 
determination of, by means of Ijenzidine, 374 
determination of, in spent acid, ,499 
volumetric determination of, 372 
fuming, *456 f •' 

analysi^f, 460 t 
boiling points of, 457 
estimation q[, 468 
melting points of, 436 •# 

• sp.gr. 6^457 « 

table ftf den^ty ahd composition tf, 458 
tables for finding percentage of free SO3 
in, 467, 468 

impurities in, 429 • ^ 

manufacture, examination of gases in, 403 


Volumetric analysis, apparatus for, 34 
calibration and standardisation of, 20 
electrometric titration in, 44, 225 
glass used in, 37 

« 

Water, ammonifi determinatWi in^ 179 
conductivity, 219 ^ 

density of, 117 
Weber-Fechner law, 178 
Weighing, 14 

Weldon mud, examination of, 584 

process in^hlorine manufacture, 576, 584 
HVestphal balance, #29, 147 

Zinc blende ; determination of available 
I sulphur, 388 ‘ • 

determination of arsenic, carboni(*t acid, and 
fluorine, 387 # 

lead, calcium and magnesium, 386^ 
sulphur in burnt ore, 392 
sulphur and zinc, 383 

Zinc, determinaS.ioi\of, iu pyrites, 381 * * ^ 
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Iron and Steely . 

Non-Ferrous Metiis 
Metallic Salts . • 

Potassium Salts . •• « 

Inorganic Pigments 
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Clay *. 

Claywarcs, Karthepwar'l^s, and Rerrrj^:tories 
Glass . . J. D. Cauwood, M.Sc., and J. H. Davidson, M.Sc. 

Cements . , . G. Patcjiin, A»R.S.M. 

Potable Water . Prof. G. 5- Fowdar, D.Sc.* 

Feed Water for Boilers, etc. . W. Newton 

Sewage and Affluents * . ProVG. Fowler, D.S^ 

'Artificial ^anuies ^ 

Feeding Stuffs 
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The contents Qf(\\^)ls. ^iV-VI 

( 

Illuminating 'Gas 
Ammonig, etc?* 

COal Tar <■* 

Organic Dyes 

*' 'Jfi2 

VO L 1 

Mineral Oils * , 

fl t *■ 

Lubricants v. ^ 

Oils, Fats, and Waxes 
Vegetable D. ’orq and Galenicals 
Essential Oils and Terfumes 
Tartaric and Citric Acids 


w'll be as follow s : — 

(c 

ME IV 

Exfflosives 

Ca^cium*^ Carbide and Acttylfy^ 
i ^ » Matches and FireworKS 

<* ■ 

ME 

C ^ 

1 ' Fine, Chemicals 

Synthetic Drugs and AlkalaMs 

i^/#>iaintectants 

Vegetable Tanning Materials 
iLea{,her 
' Inks 


VOLUME VI 


Sugar 

Starch and Dextrin 

Alcohol, Spirits, and Liqueurs 

Brewing Materials and Beer 

Wine 

Vinegar 


Paper 

Textiles 

Rubber 

Resins, Balsams, and Gum Resins 
Glue and Gelatine 








